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“SPEED OF REACTION” HYPOTHESIS 

II. Further Numerical Implications Regarding Tuberculosis 
HIBBERT WINSLOW HILL^ 

This hypothesis offers, concerning all infectious diseases, that, in the course 
of all natural infections and reinfections, the degree of specific tissue damage 
attainable by any ^dl'ulent immunity-eliciting pathogen is controlled, primarily 
and chiefly, by a single genetic item of the infectee’s heredity (1, 2). 

This genetic item is taken to act b}’^ determining, for each particular infectee, 
the length of the time interval between his I'eception of a given specific immunity- 
eliciting stimulus, natural or “artificial,” and the resulting specific-immunity 
response of his tissues. This interval is designated as the immunity time-lag. 
(See table 4.) 

It is obrtous that the shorter this immunity time-lag (that is, the earlier in 
the courae of anj’- ^ven infection such specific immunity begins to act) the less 
viU be the damage that the infection can do, and vice versa. 

Just so, an incipient fire may be completely extinguished by one gallon of 
water, if the one gallon be used early; while delay may make unavailing even 
thousands of gallons used later. 

In the folloTOng text and tables, certain implications of the hypothesis are 
described as the}’’ appear to the ’writer. I\Tiether or not these implications 
approximate the realities of tuberculosis closely enough to add to our knowledge 
of those realities others must judge. 

Fundamental to the hypothesis are certain natural factors which can be nu- 
merically expressed as follows: 

The natural unit factors of all mfedions (discussed here, however, chiefly in 
relation to tubercle). 

The basic unit for all tubercle infections appears as one single li-rtng, grcwing 
and ultimately fissioning tubercle bacillus, as it exists in the li'vdng tissues during 
its brief indi-vidual life-span; that is, during its one fission-interval, from the 
fission of its parent cell, which produced it, to its o’wn fission, which ends it.- 

This fission-interval, as shown by the rapidly multiplying pathogens of the 
acute infections, is measurable in minutes; but apparently in hours when the 
slow-growing pathogens are concerned. It is not impossible that one typhoid 
bacillus may by fission (every thirty minutes or so?) become more than a million 
million bacilli in the time (twenty-four hours?) ordinarily required for one tu- 
bercle bacillus to become two tubercle bacilli. (Table 1 — :Notes.) 

Fission : Each normal li-ving tubercle bacillus which finds its milieu satisfactory 
grows; that is, increases its substance, hence its bulk and its weight, at the 

^ Hackensack, P. O., Minnesota. 

^ A single dead pathogen cell has long been the unit of dead "vaccines. It is logical enough 
that the li"ving, grotving, fissioning pathogen cell should be the unit "when the phenomena 
due to that life and reproduction are being considered. 

1 
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expense of its milieu; and in its metabolism manufactures yarious specific bio- 
chemical agents, allergenic, immunogenic, pathogenic and doubtless others, 
specific and nonspecific. 

Coming thus in a few hours to maturity and to the bulk and weight of its 
parent, it fissions just as its parent did some hours before, by diwding trans- 
versely into two separate living halves, each a half-length replica of its parent. 

Evidently these two new short bacilli contain between them all of the living 
substance of their parent cell as of the moment of fission; which parent cell 
therefore no longer exists; having not merely produced, but become its two 
descendents. Hence no aggregation of bacilli reproduced onl3'- b}’’ fission can 
contain any of its lineal ancestors, living or dead; nor can any contained dead 
bacillus ever have had any descendents.® 

At the moment when the two new bacilli appeared, the two together equalled 
their single parent in bulk; but at maturity the two together obwously are 
double the single parent’s bulk;^ they together have gromi at an expense to their 
milieu double that of their single parent; and together they have manufactured 
double the amount of the same specific biochemical agents. But each singly is 
merely a replica of its parent and has produced a like quota of the same products. 
Hence from each one living bacillus which appears in the tissues one, and only 
one, quota of products would form also. 

Obwously the most notable function of the bacillary unit is that of a highly 
specialized, very short-lived factoiy, which, after turning out its one quota of 
unique biochemical agents, disappeare in the act of setting up two new similar 
factories. It is these products alone that affect the animal body economj’’ 
specifically. Apart from these products, the bacillaiy unit is a “foreign particle” 
only. 

Hence inewtably arises a second natural unit — consisting of the one quota 
of biochemical agents contributed by one bacillai^'’ unit during its one brief 
career from fission to fission. 

The over-all ewdence seems to point to a practical uniformity, qualitative and 
quantitative, in these quotas as produced bj’’ the liwng wrulent human type 
tubercle bacilli usuallj’’ found in human tissues. Tilien marked over-all differ- 
ences are recognized they are usuallj’- found to relate rather to the directly 
pathogenic elements of the quotas than to the probablj’- more stable allergenic 
and immunogenic elements (for example, attenuated cultures). 

The influence on the tissues of a single such quota must be infinitesimal; and, 
unlike the liwng bacilli, the quotas are incapable of self-multiplication. 

’ Human typo tubercle bacilli Mycobacterium tuberculosis (hominis) branches at timc.s. 
But, in the tissues of North .Vmerican white infoctces, fission appears ns overwhelmingly 
the chief process of reproduction. 

‘ The combined bulks of three billion tubercle bacilli may be taken ns approximating 
1 cubic millimeter. Should all fission, the new six billion would have at first the same 1 
cubic millimeter combined bulk; but, on reaching maturity, the combined bulk of the six 
billion would approximate 2 cubic millimeters. (Necessarily all such calculations arc 
illustrative rather than strictly factual.) 
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But the bacilli — the factories which produce one quota each — do increase by 
fission; and “normally” (that is, until' fission-check of some sort begins) on a 
strict logarithmic schedule, thus: 2“, 2\ 2-, 2*, ... 2“ ; one bacillus thus presenting 
1024 living bacilli at its tenth fission. (See table 1.) 

But, in reaching, at fs. (fission) 10, these 1,024 existing bacilli, 1,023 bacilli 
(the sum of the logarithmic series from the initial one bacillus to the 512 bacilli 
of fs. 9) have each appeared by fission, have grown and produced each one quota, 
and have then disappeared by fission into a new crop of bacilli; which crop in 
turn has grovm and produced one quota from each of its bacilli, and then has 
disappeared by fission into the next crop. Each crop therefore exists only during 
one fission-interval, but during that fission-interval constitutes all the (living) 
bacilli there are in that particular focus of infection, for its predecessors have 
disappeared by fission, and its own prospective fission-descendents have not 
yet appeared. 

Thus arises the concept, already implied as applicable, mutatis mutandis, to 
all the infectious diseases, namely, that each new crop of bacilli produced by 
fission within the tissues constitutes in effect a new infection. 

Only the initial dose of any exogenous infection or reinfection is truly exog- 
enous. From and including the first fission to the last fission, the bacilli “and 
all their works,” allergenic, pathogenic, immunogenic, metastatic, etc., have 
their immediate origins wholly within the body. 

For example: Table 1, schedule a, fs 6, shows 64x bacilh as the total hving bacillus 
load at fs. 6 of the original infection. 

On fission, tliis 64x bacilli becomes 128x bacilh; that is, the total hving bacillus load 
at fs. 7, which latter therefore shows an increase in the total hving bacillus load at fs. 6 
of 64x bacilh, because the total living bacilh of fs. 6 (64x) disappear in the act of fissioning, 
reappearing at the same instant as 128x new bacilh; thus 64x of these 128x new bacilh 
merely replace in number their 64x parents; the remaining 64x constituting the net 
increase in the total hving bacillus load at fs. 7 over that at fs. 6. 

If, at fs. 6, before its 64x bacilh fission, an exogenous reinfection occurs, also of 64x 
bacilh, the total hving bacilh load at fs. 6 becomes at once 128x bacilh; which is exactly 
the total hving bacihus load which fs. 6 by itself shows, after its fission, that is, at fs. 7. 

Considering the course of an originally exogenous infection as a series of 
fission-crops, each derived directly from its immediate predecessor, each fission- 
crop presents itself as a new independent infection; each of which, excepting of 
course the initial dose, is necessarily of endogenous immediate origin. 

Such fission-crops then constitute the only new infections of endogenous origin 
which actually add to the total existing living bacillus load of the tissues; for 
other forms of endogenous reinfections (as by metastasis, etc.) merely redistribute 
the existing load but do not add to it. (See table 3.) Latency, if and when it 
occurs, diminishes the total existing active load at the time the latency begins, 
by the number of the bacilli which, by developing latency, necessarily become 
inactive. 

Hence, the fs. 10 bacillus crop consists of 1,024 living bacilli but represents 
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n total hanllus load to data of 2,017 hacilli (1,02! now living and 1,02'1 not dead 
but diHUjijwaml by fission). TIiIh means a total production by the infection, 
from the first one bacillus to fs. 10, inclusive, of 2,017 quotas of the specific 
biochemical ap;ents, each contuinin^: aller^jcnir, immunogenic and pathogenic 
elements. ICvidently the infection loatl will continue to expand, following the 
.«ame stniclural principles, unless and until fission he checked in some 
manner. 

I'ission, therefore, functions to provide only the bacillary unit.s, which then 
provide the quota unit.s; only the latter can induce damage, but also only the 
latter can induce immunity or ullergA*. Therefore, no living bacilli, no infection; 
no quotas, no specific results from infection. Dead bacilli, however, yield .such 
quot.as as may have been formed in them and arc still eontained in them at the 
moment of death (for example, dead vaccines). 

Since 1,000 quotas may be taken to present 1,000 allergenic elements and 
1,000 pathogenic elements as well as 1,000 immunogenic elements, each of the 
first two elements, the allergenic and the jiathogcnlc, may also bo taken as each 
constituting specific units; c.ach such unit acting under the control of its own 
specific time-lag; both time-lags dilTercnt. from hut analogou.s to that herein 
postulated for the immunogenic unit. 

Although each of these three units (the allergenic, the pathogenic and the 
immunogenic) ultimately yields rccognirablo results from responsive tissues, 
respectively, allcrgjq pathogenesis, immunity, yet doubtless their respective 
time-lags have ended, and therewith those re.sults have been initiated some time 
before these results become overt to our present obscr\’ational facilities. Tills 
is particularly obvious regarding the immunogenic unit, the only one the quan- 
titative value of which is herein attempted, as follows. 

The third, or iirwmnogcnic, unit is merely one clement of the quota unit. 
Tlie quantitative value of this third unit docs not emerge so dofmitch’ as do 
those of the first two (the bacillarj' unit and the quota unit) but the available 
e\ddencc indicates that it may be safely, if tentatively, set at jus( so much ivi- 
muniiy-cliciling slimulalion as wll suffice to induce (but only, of course, from 
responsive tissues) the fourth or actually functioning immunity unit. 

The fourth, or aclivc immvnily, unit is then taken to be just so much antibac- 
terial iimnunity as suffices to “quell” (or put out of action) one fixing mature 
cognate pathogen cell ; hence probabljq in rc tubercle, to kill one mature fixing 
bacillus.® 

This “quelling,” in tubercle, certainly must include the stopping of fission 
(“bacteriostasis”), but probably is in fact bactericidal also; xxiicthcr it also 
includes the neutralization of the nllergcnic or pathogenic elements of the quotas 

“ This unit value may equally well be taken ns less than one bacillus or as any multiple 
of one, without detriment to the principles of the hj’pothesis; and may be taken to act on 
immature instead of on mature bacilli. But for illuslrntive purposes and as a first approxi- 
mation, the one mature bacillus value is simpler and is herein always used. 
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seems uncertain, but this is not essential to the present discussion. (See table 
4 — ^Notes.) 

Tliis immunity unit obviouslj' diffem uidely in origin, in nature, and in action 
from the preceding three; thus, the first three units (the bacillaiy, the quota 
and the immunogenic) are integral to the bacillaiy substance, for they appear 
ivhercver the bacilU flourish, whether in lifeless artificial media or in li^ang animal 
tissues. Even the dead bacilli (for example, dead vaccines) may be allergenic, 
immunogenic and (^^rulent strains) pathogenic in some degree. 

In strong contrast, the fourth or specific active immunity unit, if and when 
formed, is an animal-tissue output. But it is not integral to the animal sub- 
stance; for in normal uninfected tissues it is unknown in nature from birth to 
death.® Onl}* a polcniiah'ly for immunity production is integral to such tissues — 
a verj-- specific potentiality wliich, so far as now knoun, can be elicited only by 
the administration, natural or artificial, of the veiy specific cognate immunogenic 
unit. No substitute for such specific immunogenic units has yet been found; 
nor can a thus specificall 3 '-stimulated response of the tissues be checked in nature 
except bj’’ the cessation of the specific stimulation or bj"^ the death or near death 
of the tissues. 

That there is no direct correlation between “health” and immunity-production 
or action would therefore seem rather eiddent; for not only are health^’’ tissues, 
unless specifically stimulated, quite incapable of developing immunity, but also it 
is preciselj’’ during periods of “depressed ^'italitJ’■,” such as evidenced by the fever, 
malaise, malnutrition, dj^sfunction, pain, etc., of a specific infectious disease, 
that specific immunity units chiefly develop; and usually in such quantities that 
not only is the current infection quelled (by “concurrent-immunit}’’”), but also 
a huge surplus of immunity units is left over (“free immunity”), capable of 
offsetting later cognate infections. 

Such surplus, protective “free immunities” may last throughout subsequent 
life (smallpox, chickenpox, measles, poliomyelitis, etc.); or for a few years 
(vaccinia, diphtheria, typhoid, etc.); or for a few weeks only (“colds”). The 
evidence regarding the duration of protection against further tubercle infection 
which may be conferred by the free-immunity of a tubercle infection which has 
been completely quelled is rather hazy; but its trend suggests a short duration; 
perhaps, in general, a year or two or so. 

The above considerations ascribe the various main outcomes of tubercle in- 
fection (no clinical disease; clinical disease with recovery; clinical disease with 
death) to the numerical interplay of the four above described units, as con- 
trolled by a fifth very powerful factor, namely, the speed with which the infected 
tissues react on stimulation by the third unit (the specific immunogenic unit), 

' to produce the fourth unit (the specific active immunity unit), which latter unit, 
once it appears, has a practically immediate bacteriostatic (probably bactericidal) 
effect. 

® The immunity sometimes found in an uninfected child (for example, measles, diph- 
theria, etc.) does not originate in the child’s tissues but in the at-some-time-infected 
tissues of his mother. 
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Among North American whites it would appear, ns a first approximation, that 
about 75 per cent possess time-lags short enough iu re tubercle to ensure (on 
infection) cscaj^c from material damage; contrasting with the remaining, say 25 
per cent, some of whom (17 per cent?) })osscss moderately long time time-lags and, 
on infection, show clinical disease and recover}', while the rest (8 per cent ?) 
possess very long time-lags and, on infection, die from their infection. 

Chiefly because of their short time-lags, the 75 per cent show, on infection, 
(see table 4) features contrasting strongly uith those shown on infection by the 
25 per cent (see table 7). 

Tims, the 75 per cent show, relative to the 25 per cent: 

(a) Early appearance of concurrent inimumty — hence 

(b) Over-all brevity of their infection-careers, as mciisured in number of fi.esions — lienee 

(c) Short periods of fissions on the full logarithmic scale— hence 

(d) Small j'iclds of total bacilli — hence 

(c) Small yields of total bacillarj' (piotas— hence 

(f) (!) Little pathogenic cfTcct; but also {2) little total immunity, concurrent or free — 
hence 

(g) (from (f) 1) (/) Little total damage; (from (0 2) (2) early and rapid accumulation 
of the small free immunity — hence 

(li) (from (g) 2) Early fading of this small free immunity— hence 
(i) Brerity of the free immunity jmolcction against “repeat” infection. 

(i) (from (d) and (0 I) Low or absent infectiveness of the infectees to other per- 
sons — hence 

(k) Low or absent infectiveness of the infectees to themselves, that is, few and small, 
or no reentering reinfections occur. 

(l) All exogenous reinfections, contact or reentering, in short-time-lag persons, neces- 
sarily encounter the same short time-lag as did their original infections; hence arc 
ended by their own early-appearing concurrent immunity in an cquall}' short 
period. Moreover, they arc subject to the carly-appc;iring free immunity of their 
original infections which may reduce or terminate them even before they would 
othenvdse have ended by themselves. (See table G.) 

(m) After the small free immunity has faded to “reversion” (that is, to nonallerg}'), a 
“repeat” infection induces a quite similar, because necessarily also a short time- 
lag, infection course, wliich similarly ends in “no clinical disease.” 

Quite evidently, the 25 per cent, chiefly because of their long time-lags, present 
the same above features as the 75 per cent, but exactly in reverse; n'ith, of course, 
the exception that the 8 per cent who die show no “free” immunity and hence 
none of its consequences. 

Note from (f) and (g) above that the small total bacillus load of the short 
time-lag infectee induces correspondingly .but little total immunity, concurrent 
and free; it is only because of its early appearance that this small concurrent 
immunity can so promptly and effectively quell the infection; providing also 
a (small) postinfection surplus of free immunity, protective for a time against 
further infection. 
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Conversely, the relatively huge total bacillus load of the long time-lag infectee 
induces a correspondingly huge total immunity, concurrent and (in the 17 per 
cent who recover) free. But this huge concun-ent immunity, because of its late 
appearance, fails to forestall damage in the 17 per cent; and, appearing still later 
in the 8 per cent, fails also to forestall death. 

- Also, in the 76 per cent (“no clinical disease”) and in the 17 per cent (“clinical 
disease and recoverj’-”), the larger the initial dose, the larger will be the free 
immunity finally attained. (See tables 4, 6, 7.) 

It thus would appear that it is not the initial size of the initial dose which con- 
trols the outcome of infection, but the size of the total bacillus load which may 
be attained by the serial fissions of the initial dose; the size of the total bacillus 
load which may be thus attained being controlled, piimarily and chiefly, by the 
length of the immunity time-lag; since it is this length which determines at what 
stage of the bacillus-fission-output fission-checking due to immunity will begin; 
and hence determines the efficiency which the latter can achieve in cutting down 
the infection. (See Random Factors, later.) 

Besides the outstanding effects of 

(a) Concurrent immunity nn checking fission — and often in ending it — other causes 
of fission-check are 

(b) Loss of hving bacilli from the infectee’s body in Ins discharges — losses winch are 
coincident with, and in fact are the causes of, his periods of infectiveness to his 
associates and to liimself (see tables 2 and 5) ; 

(c) Lodgment of bacilU in areas nutritionally imfavorable to fission, for example, 
original lodgment in, or transfer (metastasis) to, areas of, say, the muscular sys- 
tem rather than in or to lung areas; 

(d) Changes in a milieu, at fir st favorable to fission, such that it becomes unfavorable 
to fission, for example, the disappearance of bacilli following the collapse of an 
actively infected lung; 

(e) Some forms of chemotherapy — ^less evident, at present, as to tubercle bacilli than 
as to some other pathogens; 

(f) Metastasis, in wliich the loss of firing bacilh from the local lesion parallels very 
closely in miniature the losses of (b) above, and may even result in the heahng of 
the local lesion from wiiich the bacilli are extruded; as well as in the setting up of a 
new lesion in one or more of the new areas in w'hich the extruded bacilh maj"^ locate 
(see tables 2 and 5) ; 

(g) “Latency” of the bacilh — ^if and when it may occur. 

(li) It is not improbable that “spontaneous” failures to fission may be shown bj^ one 
or Wo or a few of the members of a fission-crop, ah the rest fissioning normahj'; 
possibl}'- such failures are due to structural or metabohc defects in the bacilh 
involved. 

For example, in obserring microscopically tj^jlioid, diphtheria or other bacilh 
wdiile most of them are fissioning well (as in “hanging-block” preparations) (3), 
an occasional bacihus will fail to fission, although in the same milieu, even in the 
same microscopic field, as actively fissioning confreres. Such losses, however, 
in the tissues are probably rather neghgible. 
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TABLE 1 

Fission Schedules, illustrative of text herewith 


Basic data 


sctreouix 0 

(Strict logarithmic scries) 

ECnEDCl-E 6 
(Schedule o accumu- 
lated) 

senroutx c 

(Initial dose, 1024 times schedule a) 

Initial Dose 

lx 


lx 

Initial Dose 

l,024x 

Fission 1 

2 


3 

Fission 1 

2,(»Sx 

2 

4 


7 

2 

etc. 

3 

8 


15 

3 



4 

16 

31 

4 



5 

32 


63 

5 



0 

04 

127 

6 



7 

128 

255 

7 



8 

256 

511 

8 



9 

512 

1,023 

9 



10 

l,024x 

2,047x 

10 

l,04S,576x 

' 11 

2,048 

4,095 

11 

etc. 

12 

4,096 

etc. 

12 



13 

8,192 



. 13 



14 

16,384 



14 



15 

32,768 



15 



16 

05,536 



16 



17 

131,072 



17 



IS 

262,144 



IS 



19 

524,288 



19 

, 


20 

l,04S,576x 

2,097, 151x 

20 

1,073, 741, S24x 

21 

2,097,152 

etc. 




22 

4,194,304 



Total bacilli 

= 2,147,4S2,624x 

23 

8,388,608 



Total quotas 

= ditto 


24 

16,777,216 





— 

25 

33,554,432 



Compare above total bacilli and 

26 

67,108,864 



total quotas. 

sched. c, fs. 20, with 

27 

134,217,728 



total bacilli 

and total quotas of 

28 

268,435,456 



sched. 0 , fs. 

30. The difference rc 

29 

536,870,912 


, 

each is the l,023x of sched. 6. 

, at fs. 9 

30 

1,073. 741, 824x 

2,147,4S3,647x 





Total bacilli = 2,147,483,647x These figures show 


Total quotas = 

ditto 

the total bacilli 



which have ap- 

Total allergenic 


peared (hence also 

units = 

ditto 

the total quotas) 

Total pathogenic 


by each fission (in- 

units = 

ditto 

ch) 

Total immuno- 



genic units = 

ditto 



Total immunity units == none in vitro; nor in vivo during the time lag 

Sched. a, fs. 10, shows l,024x as all the living bacilli at this fission. Sched. 6, fs. 10, 
shows this l,024x living bacilli plus their l,023x predecessors, which latter have disap- 
peared by fissioning; and so likendse for every fission item of sched. a and b. 


1 
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Notes to table 1: Table 1, schedule o, presents (but to fission 30 only) the sort of theoreti- 
cal schedule which any fissioning microorganism would present, if every individual cell 
fissioned perfectly and the fissioning continued indefinitely. “Living” viruses, and even 
the “huge molecules” of the tobacco-leaf mosaic disease, whether “living” things or not, 
certainly multiply; and, if they multiply by dividing into two similar bodies, cannot but 
tend to follow this same schedule — until such time as such division is checked in some 
way. Therefore, this schedule a may be regarded as a theoretical datum line, from which 
the actual fission-schedules of reality depart, because of various agencies which interfere 
with fission (see text) . 

Such causes of fission-check always arise, both in vitro and in vivo. Hence schedule a 
is never fully realized in nature. 

It has been calculated that a single bacillus, fissioning unchecked about as fast as the 
typhoid bacillus (sa 5 '’ every 20 to 30 minutes) would produce descendents enough to fill all 
the basins of all the oceans of the earth in 3 days — ^and in 5 days (say 240 to 360 fissions?) 
could form a bacillus-mass as large as the whole £lobe. The tubercle bacillus, under like 
conditions, but fissioning onlj’- about once a daj% would take perhaps a year to achieve 
equal results. 

Obviously, powerful bacteriostatic and bactericidal agencies continually operate in 
vitro and in vivo, ob\’iating such cosmical catastrophes! Of these, doubtless the most 
wide-spread and influential, vitro, is lack of the required nutritional supplies; in vivo, 
tissue-opposition, i.e., “immunity” in its broadest sense. 

For the purposes of tubercle epidemiology, the initial dose, lx, of schedule a 
indicates the “modal” number of li^ang virulent human type tubercle bacilli 
which actually become so successfully lodged in the tissues as to grow and 
fission therein. 

The numerical value of this “x” in the natural infections of humans is, of 
course, always unknown, and doubtless varies from infectee to infectee in corre- 
lation with many factors, elsewhere disctissed (1, 2). In experimental animals, 
however, the numerical value of this “x” maj’’ be adjusted at will. 

The integers of schedule a indicate the strictly logarithmic fission-increases of 
the lx which would necessarily occur, provided the fissions continue wholly un- 
checked, which they never do. 

The nearest widely known approach, in vivo, to schedule a (re tubercle) would 
appear to be presented by guinea pigs; for guinea pigs, although capable of 
developing immunity, if given time enough, (for example, in response to vaccines) 
are so slow in their immunity response that living virulent infections invariably 
end fatally before the guinea pig’s immunity can be adequately mobilized. 

A similar approach to schedule a is found also in some-humans but only in the 
relatively few (8 per cent?) of the total human North American white infectees 
who show equivalently long immunity time-lags. The vast majority of persons 
infected with the tubercle bacillus (92 per cent?) show their fission-schedules 
(tables 4 to 7) as much modified b}"" a relatively early appearance of immunity. 

Nevertheless, table 1, schedule a, sets forth certain general structural principles 
common to all the schedules, however modified; thus, unless and until immunity 
or other cause of fission-check appears (hence through the period, be it short or 
long, of the immunity time-lag) all schedules of all tables tend to show strict 
logarithmic fission increases, that is, each fission yields a fission-crop of bacilli 
just twice as numerous as the bacilli of the immediately 'preceding crop which 
gave rise to it. Moreover, every such fission-crop equals twice the initial dose, 
lx, plus twice the sum of all the fission-crops which preceded it; or, if the initial 
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dose, lx, be included, ever5’- fission-crop equals the total preceding bacilli plus lx 
bacilli (schedule b). 

These preceding bacilli have, of course, disappeared; not by death or other 
direct loss, but in the very process of fissioning, that is, in becoming their im- 
mediate successoi-s. Before thus disappearing by fissioning, each bacillus has 
formed, during the one fission-interval which constitutes its brief life, its one 
quota of bacillary products; each quota containing allergenic, immunogenic and 
pathogenic elements. The schedule b items therefore record both the total 
bacilli which have appeared and, necessarily also, the total quotas which they 
have furnished; one quota from each bacillus. 

Tor example: At fs. 6 of schedule a, 64 living bacilli e.xist; 63 more (initial dose to fs. 5, 
inclusive) have existed and have disappeared by fission, making 127 bacilli in all (sched- 
ule b) ; but the 63 disappeared bacilli have left their 63 quotas, vrluch, added to the 64 
quotas contributed by the 64 firing bacilli of fs. 6, make up 127 quotas in all (schedule 6). 
And so likewise at every fs. of schedules o and c. 

Since each quota contains one immunogenic unit there have appeared for each crop of 
firing bacilli (in schedule a) a number of immunogenic units almost tndce as large 
(schedule b). 

Initial dose: If “x” (in schedule a and schedule c) = 1 bacillus, the integers 
of schedule a and schedule c indicate, at each fission, the actual number of 
indiridual living bacilli then existing. Then, table 1, schedule c, would indicate 
that the initial dose is 1,024 individual bacilli, that is, more than 1,000 times the 
initial dose (1 bacillus) of schedule a. In other words, schedule c begins with 
1,024 bacilli, which is the same number of bacilli as is reached by schedule a 
(if X = 1) at its fs. 10. Thereafter both schedules show the same series of num- 
bers of bacilli in their fission-crops; but schedule c eridently shows each number 
just 10 fissions earlier than schedule a. 

It is therefore clear that increasing the initial dose thus 1,024 times has has- 
tened the progress of the infection by only 10 fissions; or, at one fission per day, 
by only ten days; that is, schedule c would arrive at a case-precipitating number 
of baciUi about ten days before schedule a. 

Such a ten-day difference in the date of the beginning of damage means merely 
a shortening of the incubation period by ten dai’-s — an inconsiderable period in a 
guinea pig infection; and impossible of recognition at present in a human infec- 
, tion. For in the human the mere establislnnent that infection has occurred, 
through a tuberculin test, has a time variation of about four weelcs, since the 
tuberculin reaction may appear in about three weeks after infection or be delayed 
up to about seven weeks. 

If now schedule c be taken to have an initial dose of 1,048,576 individual 
bacilli (equal to schedule a, fs. 20, if x = 1), this dose, more than a million times 
the initial dose of schedule a, will hasten schedule c, as compared with schedule 
a, by 20 fissions — say by twenty days — or still somewhat less than the variation 
in the first appearance of the tuberculin reaction in the hmnan being. 

The- above considerations relate only to the figures of living bacilli at the 
fissions. If the bacilli preceding the fissions also be considered (and their 
corresponding quotas), schedule c at its fs. 10 (if x = 1) shows the same number 
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of living bacilli, 1,018,576 as schedule a at its fs, 20, but a lesser number of total 
bacilli and of total quotas. For schedule c shows, initial dose to fs. 10 inclusive, 
2,096,128 total bacilli, hence the same for total quotas; wliile schedule a, initial 
dose to fs. 20 inclusive, shows 1,023 more of each. 

Hence, although the larger initial dose reaches damaging numbers of ii\'ing 
bacilli the more rapidly, yet its total damaging equipment (that is, its total 
bacilli, hence its total quotas) is less than that of the smaller dose, when the small 
dose later arrives at a fission-crop showing the same number of li^ing bacilli. 
The greater the dififerenco in size between the larger, and the smaller dose, the 
greater relativelj’ will be the handicap of the larger initial dose in this respect. 

TABLE 2 
Ezlrusion 

Illustrative of fission-clicck by extrusion of bacilli from a fission-crop of an infection, in 
the absence of immunitj-. Such extrusions occur in guinea pigs; in the S per 
cent (?) of humans who show comparably long time-lags, and may occur in any 
human infcctcc during his time-lag, be it short or long. 


scniDCix a 

(Strict tosarithmic fission; 
no extrusion) 

scimnuia; h 

(Schedule o, modified by extrusion o( 

Sx bac. at fs. 10) 

serreouLE a 

iUNUS SOTEDULE B, KSSIOM BY 
FISSION’ 

Initial Dose 1.x 

lx ) 

Ox 

Fs. 1 

2 

etc. i 

Ox 

2 

4 

i 

0 

3 

S 


0 

4 

16 


0 

5 

32 


0 

G 

04 


0 

7 

128 


0 

8 

256 

(l,023x Tot. bac. I. D. to Fs. 9, incl.) 

0 

9 

512 ! 


0 

10 

1,024 

l,024x - 5x = l,019x; X 2 = Fs. 11 

0 

11 

2,048 

2,038 - 0 = 2,038x; X 2 = Fs. 12 

lOx 

12 

4,096 

4,076 - 0 = 4,076x; X 2 = Fs. 13 

20 

13 

8,192 

8,152 - 0 = S,152x; X 2 = Fs. 14 

40 

14 

16,3S4.x 

16,304x 

80 

Total 




baciJji 32,767x | 

32,617x; Sched. a minus Sched, b — Tot. bac, 150x 


“Extrusion” is used to indicate the departure of living bacilli, by lymph or 
blood-stream or rupture of a surface lesion, from a focus in which fission is 
proceeding; thus reducing the bacilli left behind to continue fission in the focus 
from which these living bacilli are extruded. 

This reduction of the bacilli in the original focus occurs whether the extruded 
bacilli become lodged in a new area of the body tissues or pass entirely out of 
the bodj’--tissues by waj’’ of the body-discharges. If the former occurs the 
extruded bacilli may find the new area unfavorable and perish; or favorable, 
that is, pennitting the extruded bacilli to continue fission, thus setting up a 
new' focus. If, how'ever, the Imng extruded bacilli pass out of the bod}' in the 
body discharges (thus benefiting the infectee), they render the latter infective; 







12 


HIBBERT "^ONSLOW HILL 


thus proiuding the outstanding class-feature of all infections, namely, their 
transmissibility to other living bodies. 

Without extrusion, the fissions of the original infection can extend its focus 
only locally. By extioision of some living bacilli, whether free or contained in 
cells which depart vith them, the transmission of the local infection to new areas 
of the same body may be achieved (metastasis). The transmission of the dis- 
ease to new bodies, (contact infection), may occur at the same occasion or 
separately. Also, through the inhalation, ingestion, etc., of his own discharges 
thus infected by the infectee who discharges them, a “reentering” infection may 
occur in the infectee’s own body — a round-about variety of metastasis, in essence. 
Moreover, a single extrusion may distribute some of its bacilli to each of the 
various “fates” which may befall such extruded bacilli. 

By inspection of table 2, it will be seen that the extrusion of only fix bacilli 
(at fs. 10) has reduced the existing bacilli (at fs. 14) by 80x bacilli; which is 16 
times the actual number, fix extruded. Also, the total bacilli to and including 
fs. 14 have been reduced by IfiOx bacilli; which is 30 times the fix bacilli extruded. 
This arises because any loss of bacilli at any fission, whether by extrusion or 
otherwise, involves also the loss of those fission-descendants which the lost 
bacilli would have produced in siiu, had they not been lost. Hence, if schedule 
a and schedule b are continued to fs. 20, schedule o, fs. 20, minus schedule b, 
fs. 20 = fi,120x living bacilli; while the total bacilli of schedule o, minus the total 
bacilli of schedule b = 10,230x bacilli — all due wholly to the one extrusion of fix 
bacilli at fs. 10. 

True, the fix bacilli extruded at fs. 10 are but about O.fi per cent of the l,024x 
bacilli of schedule a, fs. 10, and this percentage remains constant throughout all 
subsequent fissions, however manju 

But the earlier a given loss occurs, the more effective it is; for a fix loss at fs. 9 
would be about 1 per cent of the fil2x bacilli of schedule a, fs. 9; . at fs. 8, the 
similar loss would be about 2 per cent; at fs. 3, about 62 per cent; while a loss of 
4x bacilli at fs. 2 would of couree end all fissioning at the local infection. 

On the other hand, the later a given extrusion occurs, the less its percentage 
effect; for example, a fix loss at fs. 14 is but 0.03 per cent of schedule a, fs. 14. 

In nature, extrusions of living tubercle bacilli from the tissues into the dis- 
charges, once they begin, are likely to be more or less continuous, to fluctuate 
and to reach, if and as the infection grows much, numbers in the many millions 
per day. Nevertheless, in the guinea pig and in the 8 per cent (?) of human 
infectees who have comparably long immimity time-lags, it is evident that even 
such great extrusion losses are not great enough to make up for the lack of 
immunity. 

At the other extreme, the human short time-lag infectee shows small losses 
of this nature; but his early acting, hence highly efficient, immunity response 
requires no reinforcement by extrusion. 

There remains the human infectee whose time-lag is intermediate and his 
margin of safety rather small or doubtful. Here extensive losses of living bacilli 
■ from the tissues may tip the scales favorably to him. (See table 7.) 
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If the extruded bacilli, instead of escaping from the tissues in the body dis- 
charges, should remain in the tissues and set up one or more successful metastatic 
foci, they would not add to the previous total bacillus load of the tissues but 
would merely transfer their activities from the focus of the original infection to 
a new focus or foci; depleting the old focus, but reproducing in the new exactly 
the same number of bacilU as they would have reproduced in the old focus, had 
they remained there. (See table 3.) 

TABLE 3 


Exogenous and endogenous reinfection in absence of immunity 
Illustrative of the numerical effects of various exogenous reinfection doses 


SCHEDULE a 

(Oripnal infection. 
Strict logarithmic fissions. 
No immunity) 

0 

SCHEDmXS btok 

EXOGENOUS KEINFECnONS 
(Strict logarithmic fissidns; no immunity) 

/ 

TOTAL RE- 
INFECTION 
ONLY 

m 

TOTAL COMBINED 
LIVING BACILLUS 
LOAD AT EACH a 
FISSION 

b 

C 

d 

e 

/ 

g 

A 

i 

i 














(6 to A) 

(o + J toi) 

Initial Dose lx 

• 










Ox 

lx bacillus 

Fs. 1 

2 

lx 










1 

3 

2 

4 

2 

lx 









3 

7 

3 

8 

4 

2 

lx 








7 

15 

4 

16 

8 

4 

2 

lx 







15 

31 

5 

32 

16 

8 

4 

2 

lx 






31 

63 

6 

64 

32 

16 

8 

4 

■2 

lx 





63 

127 

7 

128x 

64 

32 

16 

8 

4 

2 

lx 




127 

255 

8 

256 

128 

64 

32 

16 

8 

4 

2 

lx 

0 


255 

511 

9 

512 

256 

128 

64 

32 

16 

8 

4 

2 

lx 


511 

1023 

10 


512 

256 

128 

64 

32 

16 

8 

4 

2 

lx 

l,023x 

2, 047x bacilli 

11 

imB 













Fs. 17 

131,072 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

1 

■ 

1 

131,071x 

262,143x 

18 

262,144 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

262,143 

524,287 

19 

524,288 




■ 


■ 

■ 

■ 

■ 

■ 

524,287 

1,048,575 

20 

1,048,576 


■ 

■ 

■ 



■ 

■ 

■ 

■ 

etc. 

etc. 


etc. 

■ 

■ 

H 

■ 

■ 

■ 

■ 

1 

■ 

■ 




Contrast these results, immunity absent, with those of table 4, in which concurrent 
immunity appears at fs. 3. 

Notes to table S: “Exogenous reinfection” (superinfection), in current usage, indicates 
the occurrence of an exogenous infection during the course of a preceding infection. (An 
exogenous infection following the termination of all preceding infections is herein distin- 
guished as a “repeat" infection.) 

Current usage recognizes two forms of reinfection, exogenous and endogenous. The 
former indicates an addition to the bacilli already in the tissues of wholly new bacilli 
from extraneous sources. Endogenous reinfection, in strong contrast, indicates merely 
that further developments have occurred among the bacilli already in the tissues, Vidthout 
any reinforcement of new bacilli from outside sources. In this sense, every fission of the 
bacilli already existing in the tissues is, in essence, an endogenous reinfection— adding 
further bacilli to the total bacillus load of the tissues, but wholly from within. 

Endogenous reinfection is therefore a “normal” biological consequence of the inherent 
interactions of any infection with the tissues in which it is lodged; but exogenous reinfec- 
tion is due to the “sociological accident” of exposure to an outside source of infection. 
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from which is received an increment of new bacilli which, small or large, is evidently above 
and beyond any increments possible to the already existing infection from its own activi- 
ties alone. 

Table 3 illustrates exogenous reinfections such as may occur {1 ) in guinea pigs — 
through artificial inoculations, or through exposure to infective contacts; (S) 
in that 8 per cent (?) of all human infectees who have similar very long immunity 
time-lags; (S) in the remaining 92 per cent (?) of all human infectees; but, of 
couree, only during the existence of their relativel}'’ short immunity time-lags. 

Schedule a represents the early coui-se of an original infection, initial dose lx 
bacilh. Schedule b represents the early course of an identical exogenous rein- 
fection dose, entering the tissues at the time of a, fs. 1. Schedules c to fc are 
identical reinfections, one of which enters at each subsequent fission of a.’’ 

The outstanding features of table 3 appear thus: (1) The combined total 
bacillus load (original infection a + reinfections b to h) is shown, schedule m, 
for each fission of a. Note that each fission item of m is necessarily just lx 
bacillus less than the next fission item of a; and that this relation necessarily 
maintains itself, however far table 3 is carried out; that is, however long a daily 
reinfection of lx be added to the oiiginal infection c.® {2) The later, in the course 
of the original infection o, the reinfection series begins, the less will be its effect 
in raising the combined load. Thus, if c were the first reinfection of the series, 
table 3, b being omitted, a fs. 10 + reinfections c to A: = l,535x instead of the 
2,047x of schedule m. (3) Although daily exposure to infection and reinfection 
is commonplace, daily implantation in the exposee’s tissues of the bacilli thus 
inhaled or ingested or both is rare. Hence, in the ten days covered by the 10 
fissions of schedule a, table 3, the occurrence of more than one reinfection seems 
highly improbable. (Nonreacting entrants to medical or nursing courses, 
sanatorium sendee, etc., usually show 20 to 30 per cent of their number still 
nonreactors after a whole year’s exposure. Can exogenous reinfections occur 
more readily than original infections?) 

Simple inspection of table 3 shows that no one, or even any three, of the rein- 

’ Note that, in natural contact tubercle infections, the occurrence of such a continuous 
series of exogenous reinfections, so early in the course of the original infection, must be 
extremely rare; although much later such a series of daily reinfections from the infectee’s 
own infective discharges (reentering reinfections) apparently is common, and in size may 
be high multiples of a’s initial dose, lx. But by that time, a will itself have reached, by 
its own fissions, such huge figures that even very large reinfection doses will add but a 
small per cent of increment to them. 

® F (R -+• 1) — Rx is a formula which yields the combined load (schedule m). Let F = 
any given fission of o; let R be the integer only of the initial doses of the series of reinfec- 
tions, b to k. For example, in table 3, R = 1; hence, since a, fission 6 = 64x, the formula 
yields 64;X (1 1) — lx •= 128x — lx = 127x (see schedule m), that is, lx less than a fission 

7; therefore, the combined infection figurefis reached by a alone, less than one day later. 
Also, if R = 10, the formula again applied at a fission 6, jdelds 64x (10 + 1) — lOx = 694x; 
that is, less than o fission 10; at which latter a alone will arrive less than 4 fissions later 
(= less than four days later). Also if R = 1,000 (a quite incredible series figure at early 
stages of an infection), the formula yields for a fission 6, 64x (1,000 4- 1) — l,000x = 63,064x; 
that is, less than o alone, fission 16; which later (65,536x) a alone would reach ten days later. 
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fections, alone or together, can jneld at any fission of a more than seven-sixteenths 
of the next fission of a alone. Also, a single reinfection of l,000x at b vdll jdeld 
512,000x bacilli at the time of a fs. 10; the conibined Mection being then 51S,024x; 
which figure a alone vdll exceed at its fs. 19 (524,28Sx) nine days later. 

Contrast the same single reinfection of l,000x, if delayed to The combined 
infection at the time of a fs. 10 becomes 2,024x, or 24x less than a alone at its 
fs. 11. 

So fai' then as the total bacillus load of the tissues is concerned, a daily series of 
exogenous reinfections, each equal to the initial dose of the original a, is less 
than equivalent to doubling the initial dose of the original infection alone; which 
doubling would hasten the infection by one fission-interval (in tubercle by per- 
haps one day — in typhoid by perhaps twenty to thirty minutes). 

So also if the initial doses of the reinfections 6 to b be l,000x each, this is less 
than equivalent to making the initial dose of a alone l,00lx. 

But the axogenous reinfections btok have another effect, apart from increasing 
the total bacillus load of the tissues as above described; namelj'’, the setting up 
of new foci of infection in the tissues. For the reinfections b to k are not likely 
to locate at the exact site of a; nor is it likely that a new reinfection will locate 
at the exact site of a previous reinfection. 

Hence it is rather probable that the l,023x exogenously derived reinfection 
bacilli of schedule I have set up not less than 10 i^ew foci in addition to that one 
focus occupied by a. These 11 foci (at the time of fs. 10 of a) maj’’ therefore be 
visualized as containing bacilli ranging in number from the l,024x of a to the Ix 
of k] total bacillus load, the 2,047x of m.® 

ENDOGENOUS REINFECTIONS 

This setting up of 10 new foci through exogenous reinfection as above described 
may also be accomplished in another wajq and in the total absence of an 3 ’’ exog- 
enous reinfection whatever; that is, bj'- metastasis from 

Such metastatic (hence endogenous) reinfections from the original iafection 
may be identical in size and number until those from the exogenous reinfections 
of table 3 ; but such exogenous reinfections differ basically from the metastatic 
(tliat is, endogenous) reinfections in several respects. 

(J) Obviously in origin — ^for the exogenous reinfections require contact with 
a source of reinfection external to the infectee’s tissues; the endogenous metas- 
tases, deriving wholly from biological changes (bacterial and tissue changes), 
are necessaril}’’ whollj’' from internal sources, that is, from alreadj’’ masting 
infections. 

s The question arises— do the l,024x bacilli of a, fission 10, concentrated in one focus, 
mean more (or less?) ultimate damage to thcinfcctcc than the almost equal number of rein- 
fection bacilli (l,023x) distributed in 10 different foci? Doubtless the answer must depend 
in part on the particular sites of the various foci; but a complete ansv.'or does not vet appear. 

It is perhaps unlikely that numerous metastascs should occur so early as c fission 1 
to fission 10. But these schedules are illustrative only of the principles which the .'pecd of 
re.action hypothesis postulates as governing the huge figures which later appear — figures 
too huge and unwieldy to bo readily presented or readily grasped. 
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(g) The exogenous reinfections add to the total bacillus load already existing 
in the tissues; but the endogenous reinfections are achieved by mere rearrange- 
ments of, not by; additions to, that already existing bacillus load; which total 
bacillus load therefore increases only by its own fissions, not by additions from 
outside. 

(S) The exogenous reinfections leave the original infection, a, table 3, un- 
touched; but the endogenous reinfections consist of transfers from the original 
infection, and therefore correspondingly deplete it or may even vnpe it out. 
Thus; Suppose schedule a, fs. 1, to extrude lx bacilli, which then set up schedule 
b; the latter vnll show at the time of fs. 10 of a, 512x bacilli. This is exactly the 
same 512x bacilli which the lx extruded bacilli would have yielded in a at its 
fs. 10 if the lx bacilli had remained in a; and so for each lx transferred from a 
to set up c to k. Schedule a loses these lx extrusions from its ovm focus, but 
each such loss yields in its new site (b, c, etc.) exactly the number of bacilh which 
it would have yielded had the lx bacilli remained in their old site, a. Therefore, 
it is evident that this depletion of a by metastases to b, c, etc. neither adds to 
nor decreases the total bacUlus load of the tissues. For, without metastases, 
the total living bacillus load at a is. 10 is l,024x. With the metastases, b to k 
yield l,023x bacilli at the time of a fs. 10; a fs. 10 itself 3 delding then but lx; 
hence the total bacillus load is still l,024x. 

This reduction of a fs. 10 from l,024x to lx results thus. Since a fs. 1 = 2x 
and is taken to extrude from it the lx which sets up metastasis b, lx alone remains 
to fission in a — yielding a fs. 2 = 2x; this 2x also extrudes lx, which sets up 
metastasis c, leaving lx alone to fission in a — yielding a fs. 3 = 2x. Evidentlj’’ 
since this loss of lx continues at each fission of o, lx alone remains to fission in a 
at its fs. 10. 

Should a, at any fs., metastasize the whole of its fission-crop at that fs., a, 
obAnously, would be ended. 

But the thus metastasized bacilli would in effect carry on a, in their new site 
(or sites); any lesion at the former site of a, then undergoing repair but the 
metastasized bacilli setting up a new focus (or foci) at b, c, d, etc. 

Thus a, in essence, continues; but in one or more new foci, not in its original 
focus. 

The foregoing considerations certainly appear to justify the conclusion that 
endogenous reinfection by itself, in the absence of immunity, develops through 
fission and metastasis, quantities of bacilli, distributed in numerous foci, and 
does so, regardless of whether or not exogenous reinfection occurs also. If 
exogenous reinfection occurs also, it merelj’’ hastens somewhat the progress of 
the total infection. 

Hence both exogenous reinfection and metastasis tend to increase the number 
of foci of infection. But the exogenous reinfection also increases the total 
bacillus load of the tissues, which metastasis does not. 

On the other hand, under current sociological conditions, exogenous reinfection, 
“a sociological accident,” tends to be, relative to metastasis, rather infrequent, 
and, in anj- event, small in size, relative to the total bacillus load; while metas- 
ta.scs tend to be frequent and, relative to exogenous reinfections, of large size. 
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Ob\iousl3’’ metastases maj' arise from the reinfection foci themselves (b to k, 
table 3) as ■well as from the original infection a, whether these reinfections be 
set up from exogenous sources or from original infections, such as a, or from 
reinfections, such as 6 to k, that is, from endogenous sources. Hence, in either 
or both waj's, great increases in bacilli and in foci (hence ultimatelj’' in lesions) 
continue to occur; and, in the absence of immunity, this rising flood of bacilli 
and lesions ultimate^ but ine\'itably overu’helms the infectee; for, in the absence 
of inununitj’-, or other adequate means of fission-check (chemotherapy, etc.), 
there is nothing adequate to stop the flood. 

For example: The normal guinea pig has so long an immunity’' time-lag that, 
on inoculation mth a single dose of li'ving ■virulent human type tubercle bacilli, 
he develops fatal damage before material immunity can appear. 

The vast numbers of guinea pigs inoculated for diagnostic purposes receive 
such a single dose and are thereafter meticulouslj’^ guarded against any form of 
further exogenous infection whatever; except, of course, from his o'nm discharges. 
The latter (reentering reinfections) constitute, as elsewhere already pointed out, 
a round-about form of metastasis from his o^rni bacilli, and in that sense are 
practical!}’' equivalent to endogenous reinfections. Yet, such guinea pigs 
invariabl}’ perish — thus demonstrating that, in guinea pigs, exogenous reinfection 
from e.xtraneous sources is quite nonessential to the occurrence of damage suffi- 
cient to ensure death. 

The numerical roles of exogenous reinfections and of endogenous reinfections 
(metastases), in the presence of immunity, are illustrated in the remaining tables 
4 to 7. These tables are based on the same principles as are tables 1 to 3, but 
yield veiy strongl}’ contrasting pictures — ^namely, all the contrast between 100 
per cent death in the guinea pig infectees (which show no material immunity) 
and 92 per cent (?) escape from death in the human infectees (who show material 
hnmunit}’^). 



ninuKiiT •wixsLow niUi 


TABT.E -1 

Illualrfttivc of motlificrxlionR of Btrict logarithmic fissioning hy concurrent immunity; 
dealing with very Bhort immunity timc-lngs such ns arc taken to occur in that 
7f) per cent of liiimnn infcctccs who show no (or no mntcrinl) damage 


ECTir.iiutr. a 
(Concutrrnt immunilv 
appears at I's. 1. Time-laR 
1 fission-inlcrval) 


Bciiroeu; t 
(Concurrent immunity 
appears at Ks. 2. Timc-IaK ■' 2 
fission intervals) 


Col. Col. Col. 
A n C 


Initial Doso lx — Ox lx I Initial Doso lx — Ox » lx 


2x — lx 
(2x) - 2i 


lx Fs. 1 
Ox 2 


Total 5x - 3x ° 2x 


F3.21cave32ifrcoimm. •= 
total C 


2x — Ox " 2x 
lx — lx •» 3x 
Ox - 2x -> 4x 
8i — 4x V. lx 
(Sx) - Cx ° 2x 
(•lx) - -lx* ■= 0x(4x) 


Totals 33x — 17x "ICx 
• Ic.avini: 4x free imm. (S — 4) 

Fa. 5 trnd 0 leave 12x furtlicr tree 
imm. 

Total lOx free imm. units “ tot.al 


I Col. A = total livinR bacilli then exustinj; 

CoI.B ■= total concurrent immunity units then av.ail 
able 

Col. C *= A — B *= total living bacilli left to fis-sion 
Figures in parentheses indicate free immunity units; the total of 
which = total C 

(Further details in text below) 


sairnctr. c 

(Concurrent immunity ap^sears at Fs. J. 
lime-lag 3 fission intervals) 



' Lc.aving 541x free imm. (701 — ICO) 
Fs. 15, 1C, 17 le.avc l,6S4x free imm. 
Tot.al 2,12Sx free imm. = total C 


These three schedules are identical in pattern, differing only in the lengtlis 
of their respective immunity time-lags by one fission interval, as indicated by 
the initial zeros of the respective B columns. Schedule c onljr vill be discussed 
in detail, but the same principles of stmeture may be traced in schedule a and 
schedule h. 

Keep always in mind that each item of each column A represents aU the Ihdng 
bacilh that exist at the time of that item; because the preceding items of column 
A represent bacilli that have disappeared, while the succeeding items have, of 
course, not yet appeared. 

Each schedule, on its tennination by the disappearance of all li\dng bacilli, 
thus ending the fission-career of the infection, presents in retrospect the summed- 
up history indicated by the respective totals of its various columns — thus 


Schedule a 
h 
c 


IMMUNITY 
TIME-LAG 
IN FISSION 
INTERVALS 


1 

2 

3 


TOTAL 

FIS- 

SIONS 

TOTAL 

BACILLI 

APPEARED 

BY 

FISSION 

TOTAL 

BACILLI 

IN ALL 

TOTAL 

IMMU- 

NITY 

USED OR 
CONCUR- 
RENT 
IMMUN- 
ITY 


UNUSED 
OR FREE 
IMMU- 
NITY 

2 

4x 

5x 

5x = 

3x 

+ 

2x. 

6 

32x 

33x 

33x = 

'17x 

+ 

16x 

17 

4,256x 

4,257x 

4,257x = 

2,129x 

+ 

2,128x 
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Thus three infections, each beginning Avith the same size of initial dose, 
lx, require for complete wiping out by immunity, respectively, 3x, 17x, and 
2,r29x immunity units; the groat difference in these concurrent immunity re- 
quirements depending solely on how soon, in the fission-careem, the concurrent 
immunity begins to act; schedule c requiring about 700 times as much concurrent 
immunity as schedule a, about 125 times ns much ns schedule b. 

ScJicihtlc c: The lenglli of the time-lag is 3 fission -intervals; hence the lx im- 
munity units elicited from the tissues by the lx immunogenic units produced 
by the lx bacilli of the initial dose, column A, arc iiostulntcd to appear after the 
Sx bacilli of fa. 3 have apiieared and have formed their Sx quotas (each quota 
containing allergenic, jiathogcnic and immunogenic elements). This lx im- 
munity is recorded at fs. 3, column B. Similarly the 2x immunitj’’ units similarly 
induced by the 2x bacilli of fs. 1 arc recorded at fs. 4, column B and so on. 
Similarly the 701 immunity units of the 70jx bacilli of fs. 14 appear at fs. 17; 
but are recorded as IGOx used immunity units in column B, with the remaining 
514x immunity units loft over ns "free immunitj';” in the table, free immunity 
figures arc cncloseil in parentheses, to efistinguish them from the concurrent 
immunity units. 

Since the lx immunity units at fs. 3, B, arc postulated to quell lx bacilli of 
the Sx bacilli fs. 3, A, the 7x bacilli thus left to fission arc recorded at fs. 3, C. 
These 7x bacilli, on fission, become 14x bacilli constituting the fission-crop of fs. 4, 
A. Similarly this 14x, after producing its quotas, is reduced b}-- the 2x immunity, 
fs. 4, B, to the 12x bacilli of fs. 4, C, which, on fission, becomes the 24x bacilli 
of fs. 5, A, and so on; fs. 17 A, IGOx bacilli, being wholly quelled by the 704x 
immunit}’’ units induced by the 704x bacilli of fs. 14, A, no bacilli are left to 
fission, as is shown at fs. 17, C, with (544x) free immunity units over. 

Up to and including fs. 16, the column B item at each fs. necessarily is smaller 
than the corresponding column A item; but at fs. 17, the B item is the larger, 
thus ending the infection; with 544x (704x — IGOx) immunity units over which, 
haAong no bacilli left to act on, remain “free” in the tissues. 

Evidentlj'- the unused immunity units still due to appear from fs. 15, 768x; 
fs. IG, 656x; and fs. 17, IGOx; wall also encounter no bacilli until anew exogenous 
infection is encountered; and as they respectively appear at “constructive” fs. 
18, 19 and 20, will add themselves cumulatively to the 544x immunity units 
already freed at fs. 17; thus making the total free immunity available at fs. 17, 
544x; at “constructive” fs. 18, l,312x; at “constructive” fs. 19, l,968x; at “con- 
structive” fs. 20, 2,128x; the latter therefore constituting the total free immunity 
of the schedule. 

Thereafter, until they gradually “fade,” these 2,128x free immunity units 
ob'vdously are protective against not-too-great further tubercle infections; herein 
designated as “repeat” infections, since they occur after, not during, a previous 
infection. 

Hence arises an obwous question — what becomes of the 2,128.'c allergenic and of the 
2,128 pathogenic elements also derived from the 2,128x bacilli of fs. 14, 15, 16 and 17, 
coliunn A? 

At least two alternative answers may be suggested for further consideration. One of 
these alternatives suggests that the 2,128x free immunity units ma}"^ each contain both 
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antibacterial agents (that is, fission-checking agents), and also “antitoxic” agents (that is, 
neutralizing agents against pathogenic elements). 

If so, the 2,128x “antitoxic” agents of the 2,128x free immunity units may neutralize 
the 2,128x pathogenic elements which accompany them, leaving only the 2,128x anti- 
bacterial agents to quell any further bacilli introduced by further exogenous infection 
(“repeat infection”). 

Following such neutralization, the immunity of a recovered tubercle case would be 
antibacterial only, not antitoxic. 

The other of these alternatives suggests that tubercle immunity is inherently anti- 
bacterial only; that is, possesses no neutralizing power whatever against the pathogenic 
or allergenic elements of the bacterial quotas. Then the 2,128x pathogenic and the 2,128x 
allergenic elements would continue to act on the tissues after the living infection has been 
wholly quelled by the 2,129x units of the concurrent immunity as earlier shown; and 
’ would so act imtil so used up in spite of the 2,128x purely antibacterial units, which, of 
course, would have no means of stopping them; thus continuing the disease for a time after 
the hving infection has ended. 

Since the allergenic elements of the quotas may maintain allergy for some time after 
the living infection has apparently ended, it does not seem unlikely that the pathogenic 
elements may similarly continue to act. 

On the hypothesis more or less currently accepted that the allergenic element of the 
bacterial quotas is a powerful, even the predominating, factor in the pathogenic element 
of the quota, the second alternative presented here seems to be the more likely. Both 
however lead to the same deduction — that the tubercle i mmuni ty of a recovered tubercle 
case is predominantly, perhaps wholly, antibacterial. 

It is of incidental interest to reflect that if either of the above alternatives be applicable 
■ to the immunity of a recovered measles case, it would explain very plausibly why con- 
valescent measles serum is of high value for preventing measles only if administered to a 
measles infectee very soon after his initial infection; that is, while the fission-crops of his 
measles-virus infection are still relatively small, but fails to prevent the measles attack 
if administered later in the incubation period, when the virus fission-crops have become 
so large that the convalescent serum can at most cut their numbers down somewhat bUt 
cannot prevent their development entirely. 

(The defense of the above suggestion concerning the action of measles convalescent 
serum and of analogous procedures is too lengthy for further consideration here.) 

Similar questions arise regarding the quotas produced by those bacilli that are quelled 
by the antibacterial element of the concurrent immunity unit; that is, are their allergenic 
and pathogenic elements or both also quelled by “antitoxic” elements of the concurrent 
inununity? The solution of the like question already asked regarding the free immunity 
unit should solve this one also. 

Table 5A necessarily shows the same immunity time-lag for the metastasis 
as for the original infection; for both these infections necessarily occur in the 
same infectee. 

The striking features which table 5A presents are: 

(1) The extrusion of fix bacilli from the original infection, if all the bacilli 
successfully lodge in the tissues and go on fissioning, has apparently no effect 
on the total bacillus load of the tissues, on the total concurrent immunity used 
or on the total free immunity finally released. 

(2) The metastases, in short time-lag infectees, if running independently of 
the original infection, will end of themselves after the same number of fissions 
shown by the original mfection; but, when affected by the free immimity of the 
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TABLE 5A 
Extrusion 


Illustrative of a single extrusion of bacilli from a fission-crop of an infection after con- 
current immunity has appeared; that is after the initial period of the time-lag 
has ended; hence contrasts with table 2, which see. The original sched- 
ule from which the extrusion occurs is schedule c of table 4. 


(This is Schedule c of table 4; modified by extrusion 
of 5x bacilli at Fs. 10) 





Original infection, modified 


A 


B C 

Initial Doso 

1 

_ 

0 = 1 

Fs. 1 

2 

— 

0 = 2 

2 

4 

— 

0 => 4 

3 

8 

— 

1 = 7 

4 

14 

— 

2 = 12 

5 

24 

— 

4 = 20 

6 

40 

— 

8 = 32 

7 

64 

— 

14= 60 

8 

100 

— 

24= 70 

9 

152 

— 

40 = 112 

Extrusion 10 

219 


64 = 166 fix from 224x 

11 

310 

— 

100 = 210 

12 

420 

— 

162 = 208 

13 

530 

— 

219 = 317 

14 

(634) 

— 

310 = 324 

16 

(648) 

— 

420 = 228 

16 

(466) 


456 = 0: (80)Freo Immunity units 

Free Immunity units (from 

Total 

3,632 


1,814 = 1,818: (00) Fs. 14) 


Free immunity of Schedule a 

80x over from Fs. 16; av^able to Fb. 6, 6; oU 80x used at Fs. 6, b 

634x from Fs. 14 ; available to Fb, 7, 6; only OOx used at Fs. 7, 6 

64Sx from Fs. 15 ; not used at all 

456x from Fs. 16 ; not used at all 

Total l,818x immunity units; of which 170x in all are used to help terminate 
the metastasis, Schedule 6; leaving to Schedule a l,648x free immunity 
units 


SCHEDULE b 

(This schedule shows the course of a 
successful metastasis of the 5 bacilli ex- 
truded from Schedule a, Fs. 10) 


Note: Had the 5x extruded bacilli 
passed out of the tissues into the infec- 
tees’s discharges, Sched. a would have 
ended as shown, with l,818x free im- 
munity units. 

But if the fix extruded bacilli locate 
successfully in the tissues, they will set 
up a metastatic (that is, an endogenous) 
reinfection, as shown below. To this 
metastasis Sched. a then loses 170x of 
its l,818x free immunity units. 


Metastasis 

ABC 


Initial Dose 

fix — 0 


fix 

Fs. 1 

10-0 


10 

2 

20-0 


20 

3 

40-6 


60 

4 

70 - 10 

r= 

60 

6 

(120) - 20 


100 

6 

(200) - 40 
(80) 


80 

7 

(160)x- 70 
(90) 


Ox 


Total 625x - 316x « 310x 


Free immunity of Schedule 6 
120x from Fs. fi; av. Fs. 8, b 
200x from Fs. 6; av. Fs. 9 b 
160x from Fa. 7; avJ Fs. 10 6 


Total 480x free immunity units. Both a 
and b are ended. Grand total free im- 
munity units amount to 2,128x free im- 
munity units. 


The original infection, unmodified by extrusion shows 

(See table 4, c) - A, 4,257x: B, 2,129x: C, 2,128x 1 
table 6, a yield s3,632x: l,8l4x: l,818x * 

Difference 625x 315x 310x j 

which difference is exactly the yield of the metastasis 6; because the metastasis is arrested at its Fs. 7 by (80 + 00) x 
free immunity units released by the original infection. Without this, the fix metastasis would run 10 more fissions, 
yielding in all 4,257x X 6 bacilli (21,285x bacilli): and 2,128x X 5 free immunity units (10,640x free immunity units). 

• This tabulation shows the respective free immunity units of Schedule o and Schedule 6, before adjustment is 
made for the transfer of 170x free immunity units from Schedule a to Schedule b. On such adjustment, the final 
actual free immunity figures become: 

For Schedule a, (1,818 — 170) = l,648x) final active 
For Schedule b, (310 -f- 170) 4S0x) free immunity units 


Hence a + b 2, 128 =fc 0 « 2,128x 









22 


HIBBEUT AVmSLOW HILL 


' . TABLE 5B 

niustrativo of n series of extrusions of bacilli from Schedulo a of table 6A 
SCHEDULE c 

{Being Schedule a of table 5A fur- 
ther modified by two additional extru- 
sions bfSx at, respectively, Ts. Hand 
Fs. 12; that is, three extrusions of Sx 
bacilli in all; Fs. 10, 11, 12) 



A 

B 

C 







Initial 

lx — 

0 = 

lx 







Doso 










Fs. 1 

2 - 

0 = 

2 







2 

4 - 

0 = 

4 

' 






3 

8 - 

1 e 

7 







4 

14 - 

2 = 

12 







5 

24 - 

4 = 

20 

* 






6 

40 - 

8 = 

32 

SenTDOLE d 


SCHEDULE t 


SCIIEDm.E/ 





(The metastasis from 


(The metastasis from 


(The metastasis from 

8 

100 — 

24 *= 

7G 

Fs. 10 of c) 


Fs. 11 of c) 


Fs. 12 of c) 



40 - 

112 







Extru- 10 

219 - 

04 = 

155 

Initial 6 — 

0 e=5 

5 




sion 










Extru- 11 

305 - 

100 = 

205 

Fs. 1 10 - 

0 = 

10 

Initial 5 — 0 « 

5 


sion 







Doso 



Extru- 12 

405 - 

152 = 

253 

2 20- 

0 = 

20 

o 

1 

o 

& 

10 

Initial 6 — 0 = 5x 

sion 









Dose 

13 

506 - 

210 = 

287 

3 40 - 

5 ■= 

35 

11 

o 

o 

CM 

20 

Fs. 1 10 - 0 = 10 

14 

(574) - 

305 = 

209 

4 (70)- 

10 

60 

3 40 - 5 = 

35 

2 20 - 0 = 20 

15 

(538) - 

405 = 

133 

5 (120) - 

20 ■= 

100 

4 (70) - 10 = 

60 

3 (40) - 6 = 35 

16 

(266) - 

266 = 

0(240x) 

-> 0 (200) - 

40 *= 

0(80) -► 6 (120) - 20 = 

20 

4 (70) - 10 = 60 






(160) 


(SO) 


20 








0 (40) - 40 = 

0 

5(120) - (100) = 0 


3,222 - 

1,604 = 

l,618x 

465 - 

235 = 230x 

305 - 155 >= 150i 

265 - 135 = 130x 


original infection, terminate with fewer fissions and with but a fraction of the 
bacilli, quotas, etc. which they would othermse produce. 

(S) Although table 5A gives but one iUustfation (5x bacilli extruded at fs. 10 
of the original), other similar schedules, similarly constructed, show that precisely 
similar ultimate figures appear, regardless of the size of the extrusion and regard- 
less also of the particular fission-crop of the original infection from which the 
bacilli are extruded. For example, extrusion of 2x, or 5x, or llx, etc. bacilli 
from any fission-crop of schedule c large enough to furnish them will all yield 
just enough bacilli etc. to make up, in conjunction with the original infection 
4,257x bacilli appearing, and the corresponding quotas, immunities, etc. as shovTi 
in table 4. 

(4) In table 5A, the extrusion of the 5x is taken to occur from the 224x of fs. 10, 
a, before the extruded bacilli, which therefore appear in the metastatic focus, 
have produced their immunogenic units. If, however, the extrusion occurs after 
the extnided bacilli have parted with their immunogenic units, the ultimate 
outcome is nevertheless unchanged; that is, the sum of the total bacilli of the 
original infection and of the metastases, when all are ended, is still 4,257x bacilli. 
So also, if the extrusions be multiple (see later). 

(5) Evidently, then, such metastases can be set up only at the expense of the 
original infection; they add in no way to the total bacillus load, as exogenous 
reinfections do, but merely rearrange the distribution of the living bacilli already 
present. Thus, the extrusion of 6x bacilli from schedule a reduces its ultimate 
total bacillus load from the prospective 4257x bacilli, due at fs. 17 in the absence 
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of extrusion, to the 3,632x total bacilli shown above at its new terminal, 'fs. 16. 
This is a reduction by 625x bacilli, that is, by roughly 14 per cent; which is 
exactly the 625x “total bacilH appearing” which the metastasis furnishes. Like- 
wise, schedule a shows less concurrent and less free immunity than does the 
original infection vdthout extrusion; but the metastasis schedule b exactly 
repairs these losses also. 

(6) Thus it becomes possible that the course of the original infection might 
be abruptly ended by the complete extrusion of the whole fission-crop at any 
given fission. If a successful metastasis of the whole 224x bacilli at fs. 10 a were 
thus set up, it would be subject to the immunity set free by the baciUi of fs. 7, 
8 and 9 of schedule a, and in this order. Hence the 224x metastasis would pro- 
ceed to follow in its new site exactly the same fission-schedule which it would 
have followed in the old site if it had not been extruded. It wall run, then, 6 
fissions, to end at what would have been fs. 17 of the original infection, had the 
latter continued undisturbed, yielding, then, 3,848x bacilli which, with 409x 
bacilh which appeared in schedule a, initial dose to fs. 9 inclusive, before the 
extrusion, makes the total bacilli of the original infection plus the metastasis 
4,257x; wdth 2,128x units of free immunity over — just what the undisturbed 
original infection would have yielded. This would be true also, if the 224x 
bacilli separated into two or more groups, each group setting up successfully its 
own metastatic focus. 

(7) Tables 2 and 5, taken together, indicate that extrusion and successful 
metastasis of the extruded bacilli, whether the}’’ occur in the presence or absence 
of immunity, do not increase the total bacillus load of the tissues; for whatever 
the size of the metastasis and of its descendants, the infection from which it arose 
becomes dfepleted to just that extent. 

The danger to the infectee of a metastasis consists rather in the whereabouts, 
in the tissues, of its location. In a short time-lag infectee, the bacilli of the 
original infection, and of any metastases that may derive from it, may set up 
small self- limi ted foci and lesions which do little or no material damage in the 
tissues most commonly invaded; for example, the pulmonary “active minimal 
lesions” which heal rather promptly. But even such slight lesions if set up in 
the central nen’ous system for example may do many times the damage to the 
body economy that a like amount of tissue damage could achieve elsewhere. 
(The lesions of poliomyelitis admirably illustrate this point.) 

Like'^’ise, exogenous reinfections, occurring rather late in the course of a long 
time-lag infection, are likely to be both infrequent and small, relative to the 
metastases then occurring, having therefore but httle numerical influence on the 
total bacillus load or on the number of foci of infection, unless one or more of 
such exogenous infections should happen to locate in an area (for example, the 
central nervous system) where a minimal amount of actual local tissue damage 
may do a maximal amount of damage to the body as a whole. 

Table 5B: The 240x free immimity left over at c, fs. 16, is induced by the 506x 
bacilli of c, fs. 13. This 240x immunity then becomes exhausted in quelling 
160x bacilli of metastasis d, fs. 6, and 80.x bacilli of metastasis c, fs. 5. 

Schedule c likewise contributes 100.x free immimity to quell 100.x bacilli of 
metastasis /, fs. 5. This 100.x free immunity is induced by lOOx bacilli, constitut- 
ing part of the 574x bacilli of c, fs. 14; which 574x bacilli have induced their 
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574x immunity just at the time when the 120x bacilli of metastasis /, fs. 5, 
appear. 

Note that the total bacilli which would have appeared in schedule c if it had 
not extruded any bacilli at all, also its concurrent and free immunity, show as A, 
4,257x bacilli; B, 2,129x concurrent immunity; C, 2,128x free immunity. The 
schedule c totals of the same items, together with those of the three metastases, 
add up to the same figures, thus: 


Schedule c jdclda A, 3,222s bacilli; B, l,604i concurrent immunity; C, 1,018 S free immunity 


Metastasis d 

465 

235 

230 

Metastasis e 

305 

155 

150 

Metastasis f 

205 

135 

130 

Tlio sum of these ■=» 

4,257i bacilli 

2,129x concurrent immunity; 

2, 12Sx free immunity 


Again it appears e\ddent that the occurrence of metastases does not add to 
the total bacillus load of the tissues but merely redistributes more vddely through- 
out the tissues the total bacillus load e.xisting at each fission. 

It maj'’ be possible that the concurrent immunity of schedule c might be 
diverted to reduce or end a metastasis, before the free immunity of schedule c 
appears. But again such a diversion of concurrent immunity would not affect 
the size of the total bacillus load; for schedule c, thus depleted of some of its 
concurrent immunitj', would reproduce more bacilli; and more by exactly the 
same number of bacilli as that number bj"- which the bacilli of the metastasis is 
reduced by the concurrent immunity transferred from c. 

This is just as true in the later stages of a long time-lag infection as in its early 
stages; but its relative effects vdll be far less at later stages than at earlj'' stages; 
because of the great numbers of total living bacilli and of concurrent immunity 
units which the original infection will by that time have attained. 

For example: In order to quell completely a lOx metastasis (or a lOx exogenous 
reinfection) which happens to occur at the date of fs. 9, of table 4 schedule c, 
this fs. 9 must part with lOx (25 per cent) of its 40x concurrent immunity units.^‘ 
So also to quell similarly a lOx metastasis (or a 10.x e.xogenous reinfection) 
which occurs at the date of fs. 30, of table 7, schedule a, this fs. 30 must also 
part with lOx concurrent immunity. But this lOx is but about 0.0001 per cent 
of the 9,193, 088x concurrent immunity units existing at tins fs. 30; 9,193, 078x 
concurrent immunity units still remaining. 

The mere fact that metastases occur in the course of an original infection 
seems to make it unlikely that such transfers of concurrent immunity from the 
original infection to the metastases (or to exogenous reinfections) can be very 
common; else metastases (and exogenous reinfections), after concurrent immunity ‘ 
has appeared, would be correspondingly uncommon; while the original infection, 
thus depleted of its concurrent immunity, would then apparently remain as the 
chief site of infection and of damage; which, in reality, it relative^ seldom does. 

Table 6 assumes a series of successful exogenous reinfections, each having an 
initial dose equal to that of the original infection; the series beginning as early 

Table 4, schedule c, without this loss, ends at fission 17 with A, 4,257x; B, 2,129x; C, 
2,12Sx: with this loss, it ends at fission IS, with A, 8,309x; B, 4,155x; C, 4,154x; that is, about 
a 95 per cent increase in each of the totals. A, B, C. 
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TABLE G 

Illustrative of exogenous reinfection in the presence of concurrent immunity. 

The original infection, Schedule a, is the same as Schedule c, table 4; which ends at Fs. 

17, with 212S free immunity units. 

Nctf: In tubercle, pmnlinp: the fi5aion‘intcr\*alfl to be twenty-four hours, this table would represent the first eigh- 
teen days of the combined original infection and Iho 17 reinfections, each of tho same size (lx) as that of the initial 
doso of the original infection; one such reinfection being added daily. The immunity yielded is such that tho com- 
bined infection ends, wdth free immunity enough to prevent continuance of tho scries. 


SCHEDULE 0 
(The original 
infection to 
which reinfec- 
tion i to r 
arc added) 
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953 

12 

440 
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152 

100 

04 

40 

24 

14 

8 

4 
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953 

1,393 

13 

676 

B| 


224 

152 

100 

04 

40 

24 

14 

8 

4 

2 
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1,393 

1,969 

14 

704 

676 


320 

224 

152 

100 

64 

40 

m 

B 

8 

4 

2 

lx 

0 

0 

0 

1,969 

2,673 

15 

708 

704 

576 

440 

320 

224 

152 

100 

64 

B 

24 

14 

8 

4 

2 

Ir 

a 

0 

2,673 

3,441 

10 

056 

768 

704 

576 

440 


224 

152 

100 

64 

40 

24 

14 

8 

4 

2 

lx 

0 

3,441 

4,097 

Fa. 17 

160 

650 

768 

704 

576 

440 

320 

224 

152 

100 

64 


24 

14 

8 

4 

2 

lx 

4,097 

4,257 

Total 

4,257r 

















16,183x 



Fissions 14, 15, 16 and 17 of Schedule a and their respective reinfections and Fs. 18 (not shown above, but shown 
later) are those which supply the final total of tho free immunity released at and just after the end of the combined 
infection. 

The end of the combined infection, as shown later occurs at Fs. 18; the total bacilli which have appeared through- 
out the courses of the original infection and the now IS reinfections being the 20,440x bacilli appearing, to and including 
Fs. 17 plus 3,16Sx bacilli of Fs. -18 plus lx of tho new reinfection; so the total bacilli appearing, then 
disappearing, amount to 23,C09x. Total final free immunity existing at ‘^constructive** Fs. 21 » 11.795x units. 

For definition of reinfection see table 3 — Notes. 

in the course of the original infection as possible — at its fs. 1 ; and continuing as 
long as possible — until stopped by the immunity ebcited by the combined in- 
fections. 

In reality, such daily exogenous reinfections from contact with infective 
associates must be extremely rare, as abeady suggested in table 3. 

The outstanding points of interest in table 6 are: 

(1) The termination of the combined infection as a whole after but one more 
fission than the original infection would have presented in the absence of any 
such exogenous reinfections; with the release of so much free immunity that, 
until the free immunity fades, no further infection can occur, except from initial 
doses of sizes scarcely conceivable as attainable in nature from exogenous 
sources. 
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This outcome may be traced .thus: Fs. 17 presents a combined infection of 
4,257x Kving bacilli — a total of living bacilli at this one fs. 17 equal to the total 
bacilli which appear throughout the whole course of a, considered by itself. 
These 4,257x living bacilli then disappear as follows: the combined infection at 
fs. 14 shows 2,673x living bacUli whose immunogenic units vdll induce 2,673x 
immunity units at fs. 17. Similarly 3,441x immunity units appear at fs. 18, 
elicited by the 3,441x bacilli of the combined infection of fs. 15. The work-out, 
then is this : 

Fs. 17; 4,257x bacilli — 2,673x immunity units= l,584x to fission yielding fs. IS 
Fs. 18; 3,168x -f l.x*^ — 3,441x = 0 bacilli, and 272 units 

of free immunity left from the 3,441x immunity units induced at fs. 18. 

The immunity units provided by fs. 16, 17, 18 become free also as they appear 
at “constructive” fs. 19, 20 and 21, respectively, leaving the infectee protected 
by (272 + 4,097 4,257 -b 3,169) x free immunity units; in all, ll,795x free 

immunity units. 

(It is of interest that, if the above series of lx exogenous reinfections were 
replaced by a (wholly incredible) series of lOx exogenous reinfections, the com- 
bined infection would have disappeared at fs. 19, leaving a total free immunity 
of over 117,000x.) 

(2) As already stated, the occurrence of such daily exogenous reinfections as 
are above discussed, is liighly improbable; one or two only may be reasonably 
expected. It is easy to see that, since the whole series, whether lx or lOx each, 
disappears promptly, any lesser number of such reinfections will disappear 
likewise. 

The chief effects of the above 18 exogenous reinfections of table 6, added to 
the original infection, are: 

1. To add to the 4,257x total bacilli appearing in the one original focus, a, 19,352x 
bacilh in, probably, 18 new foci. 

2. To wipe out all these'19 foci completely at fs. 18. 

3. To leave a total of ll,795x free immunity at “constructive” fs. 21; to wliich the 
original infection has contributed 2,128x units, the 18 reinfections 9,C67x units, 
about 80 per cent of the total. 

4. The total bacilh appearing, 23,609x and the final free immunity, ll,795x, are rather 
less than a alone would have yielded, had its initial dose been fix bacilli; that is, 
25,542.x bacilh and 12,768x free immunity units. 

To secure a general picture of the relationships of early exogenous reinfections 
in short time-lag persons, compare with each other three infections beginning 
at the same.date, each showing the same size of initial dose lx bacilli; each infec- 
tion occurring in a different infectee — ^thus : 

Let the first infection develop in an otherwise “normal” guinea pig; hence in 
the practical absence of immunity, concurrent or free and vdthout exogenous 
reinfection. Let the second infection develop in an otherwise normal human 
who produces immunity as per schedule c, table 4, also escaping exogenous rein- 
fection entirely. (Time-lag = 3 fission-intervals.) Let the third infection 

This lx is the now reinfection, s, at fission 18. 
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duplicate the second exactly, except that this second human infectee experiences 
the 18 reinfections as per table 6. (Time-lag = 3 fission-intervals.) 

't\Tien compared after the lapse of 21 fission-intervals (in tubercle equal puta- 
tively to twenty-one days), the three respective outcomes are found to differ 
greatly, as follows: 


. TOT.VI. BA.CIIXI APPEARED TO 

DATE or rs, 21 

total li\tnc baqlh ' 

EXISTIKG AT DATE 

or PS. 21 

TOTAL FREE nniE- 

kity units 
riNALLY 

rURTEER FISSION EISTOSY 

First 4,194,303x bacilli 
(guinea pig) 

2,097, 152.x bacilli 

Ox units 

Fissions continue in- 
definitely to death 

Second 4,257x bacilli 
(human) 

0.x bacilli 

2,12Sx units 

None after Fs. 17 

Third 23,C09x bacilli 
(human) 

Ox bacilli 

ll,795x units 

Xone after Fs. IS 


The proportionate total bacilli appearing are about 9S3 to 1 to 5.5. Therefore, 
to secure from each of the second and third infections the same number of total 
bacilli appearing (over 4 million) as the first shows from an initial dose of lx 
bacilh the second must show an initial dose of about 9S3x bacilli; the third a dose 
of about 178x bacilli for the original infection a, table G, and for each of the IS 
reinfections, b to s, inclusive. 

The free immunity jnelded from the first infection Avould, of course, rennain 
none; but from the second and third would become over 2 million x free immunity 
units each. 

Finall.y, the first would continue to fission indefiniteh', (until the death of the 
guinea pig) as per schedule a, table 1; but the other two would show no living 
bacilli to fission at all, after their respective fs. 17 and fs. 18. 

The number of living bacilli which must appear in the tissues (licncc the 
total quotas jdelded, each quota being allergenic, immunogenic, pathogenic) 
before material damage can arise is as 3 -et unknown, for the guinea j)ig or the 
human. It is therefore ditficult even to guess what lesions, if any, might be de- 
tectable as produced bj-- the 4 million x bacilli, .yielding 4 million x quota-;, of the 
first infection above discussed. 

In a human infectee whose immunity time-lag happened to be as long a-; 21 
fission-intervals, instead of the 3 fission-intervals of schedule c, table 4, a Jx 
bacilli initial dose would have jnelded during this time-lag exaeth' the 4 million 
X bacilli and other figures shown bj* table 1, schediilc a, at its fs. 21. But on 
the appearance of lx concurrent immunity' at fs. 22 (induced Iw the immunogenic 
units of the lx initial dose), the subsequent fission.*; of thi.*; infection would diverge, 
progressive^' lessening, from those of table 1, schedule a. 

If, .as and when extnision of living b.acilli by way of the infectee s di^clirsrp-s 


begins (coinciding, obvioush', with tlie beginning of lus infectivene;; to otr.i roj 
such extrusion will reinforce the concurrent immunity in rutting dov.n t.'m ba-'iHi. 
Since one-half of the total bacilli that appear by fL-’-ion r.e>:rv;nri!y in 

the verx* process of fissioning, the tajjk of the concurrent imniurity 1 to 

getting rid of the other haif, plus the initial dn;e, in which ta-k rxtru-ieti <f 
living bacilli into the infcctceV dheharges ina.y give nugen.n! - -'r-h 
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TABLE 7 

IJJustratfng tJto posstfjJc cffcc6 on t?ic outcome o! an inCcction (initial dose, lx bacilli) 
in a moclcraloly long time-lag infcclcc, of extrusions of living bacilli into the body dis- 
charges, the immunity time-lag used is -1 fission-intervals, making the lx immunit}’ induced 
by the lx bacilli of the initial dose take effect at Fs. -1; the 2x of Fs. 1 at Fs. 5, etc. 


Schedule a shows concurrent immunity, but no extrusion (only the fissions essential to the 

illustration arc reeorded hero) 



BAam 

ATtEARrSO 


COKCmiREKT 

IMilUNTTY 

BACILU TO nSSIOS 

Fs. 4 

lOx 

— 

lx 

15x 

Fs. 5 

30 

— 

2 

28 

Fs. C 

56 

— 

4 

52 

Fs. 7 

104 

— 

8 

96 

Fs. 12 

2,144 

— 

192 

1,952 

Fs. 20 

256,016 


23,488 

232,528 

Fs. 26 

9,193,088 


844,736 

8,318,352 

Fs. 30 

100,028,4S0x 


9,193,08Sx 

90,835,392x 

Fs. 50* 

over 15.2 trillion x 


about 1.4 trillion x = 

about 13.8 trillion x: no free 
immunity yet 


Schedule b shows concurrent immunity and extrusion 
This Schedule b is (condensed) Schedule a, modified by a continuous series of extru- 
sions, beginning Fs. 12; each extrusion equalling 10 per cent of the fission-crop of the 
fission at which it occurs. 


(only the fissions essential to the illustration are recorded here) 



bacilli 

appeab- 

INQ 

CONCUR- 

RENT 

nOTONITY 

BACILLI ErrSUDEB 

BACILLI 

TO 

nssioN 

Fs. 7 

104x - 

8 

(no extr. yet) = 

96 

Fs. 12 

2,144 - 

192 - 

(Extr.) = 214 = 

1,738 V 

Fs. 20 

54,876 - 

13,318 - 

(Extr.) = 5,487 

36,071 

Fs. 26t 

15,638x — 

90,488 

(No bacilli left for = 

0 bacilli and (74,850.x) 




extrusion) 

free immunity units 





over 


At the time of Fs. 30, the living bacilli to fission of Schedule a = over 90 million x with 
no free immunity, and fission continuing. At this same time, Schedule b has shown no 
living bacilli since Fs. 26; and 395,584x of final free immunity; thus; 

Free immumty over from Fs. 26 = 74,850x, available at Fs. 26 

from Fs. 23 = 105,918 available at Constr. Fs. 27 

from Fs. 24 = 110,332 available at Constr. Fs. 28 

• from Fs. 25 = 88,846 available at Constr. Fs. 29 

from Fs. 26 = 15,638 available at Constr. Fs. 30 

Total free immunity available at Fs. 30 = 395,584x free immunity units 

* With neither immunity nor extrusion, schedule a, Fb. 50 yields over 1.25 quadrillions 
X bac. (The American trillion, used here, = 10**; the American quadrillion = 10*‘; the 
respective figures in British usage are 10'* and 10**.) 

t On ending at Fs. 26, schedule b, if carried out in full, shows: total bacilli = 662,345x; 
total cone. imm. = 266,761x; total bac. extruded 64,412x; total bac. to fission = 331,172x. 
Thus, cone. imm. -b bac. extr. = 331,173x; and the sum of the last two totals = the tot. 
bac. (compare, respecting this point, table 4, schedule c). 
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extrusions may apparently reach (in the later stages of long-standing infections) 
figures of many millions per twenty-four hours. The hugeness of the figures 
involved makes the presentation of detailed schedules of these later events 
quite impracticable at the present time; but table 7 illustrates in a condensed 
form the numerical pattern which arises. 

“random” factors 

The numerical considerations above presented form but the skeleton of the 
“speed of reaction” hypothesis deducible therefrom. 

The immense field of tuberculosis data now available, much of it yet uncorre- 
lated with this or other h 3 rpotheses, shows tubercle infection varying from 
infectee to infectee, as if ignoring the restrictions which such a numerical skeleton 
might appear to impose. 

But mole and elephant, guinea pig and giraffe, show literal bony skeletons, 
basically uniform in structural pattern. 

Nevertheless each species shows also immense and very obvious differences in 
the respective working out of that basic pattern, due largely to variations, them- 
selves largely numerical, relative to size, bulk, shape, proportions, rate and con- 
tinuity of development, etc. Is it not true that every individual of every living 
species, plant or a n i m al, is unique in its general work-out of the general pattern 
which its heredity imposes upon it? 

On such variations, recognizable in the whole, but not yet satisfactorily 
reduced to their final numerical relationships, rest differences between species; 
also between embryo and adult; between male and female. 

Evidently, there are numerical factors which maintain the general pattern, 
but also numerical factors which permit, even compel, variations in the general 
pattern. 

In relation to tubercle infection, the strict logarithmic schedules of table 1 are 
numerically modified by extrusion, by metastasis, by exogenous reinfection, by 
immunity, that is, by “random” factors; since, although they operate numeri- 
cally, they arise at variable times and in unpredictable sizes, proportions, com- 
binations, sequences, etc. in different infectees. 

This leaves each individual infectee (for example, infected with living virulent 
human type tubercle baciUi) only one “nonrandom” factor in the welter of inter- 
play of the “random” factors — ^namely, his own individual immunity time-lag, 
that is, his own genetically derived speed of reaction in response to the immunitj’’- 
eficiting stimuli of his infection. 

But in addition to this endogenous interplay of “biological mechanics,” the . 
infectee daily encounters other at least possible exogenous factors in his individual 
sociological environment, physical and biological. These, in variety, comple-xity, 
multiplicity and changefulness, defy numerical analysis. It is exactly when 
such multiplexes confront the observer that the “control” group serves its best 
purposes, yielding broad over-all conclusions where minute detailed data are 
lacking. 

In regard to tubercle infections, the human population shows two primary 
groups, the infected and the noninfected, each constituting a “water-tight” 
control for the other. 
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^ After long centuries, rather millenia, the single dijfferential factor is no^r recog- 
nized; broadly, the presence of the tubercle bacillus in the former, its absence in 
the latter, eliminating wholly all other conceived or conceivable differentials. 

Under separate consideration, the infected group itself resolves also into two 
mutual control groups; one, a majority group (perhaps 75 per cent of the total 
infectees) which shows no material damage; and the 25 per cent (?) remaining 
minorit 3 ^ group, which does show material damage. 

Both show infection; therefore infection is not the sought-for differential. 

Both show immunity; immunity per se therefore is not the sought-for dif- 
ferential. 

Both show marked quantitative differences in the amount of immuni ty at- 
tained, the 75 per cent who escape material damage showing little immuni ty pro- 
duction, the 25 per cent who show material damage showing also much immunity 
production; therefore, the quantity of immunity produced is not the sought-for 
differential. (If it were, the incidence of material damage on the two groups 
would be exactlj’’ reversed; the 75 per cent would show the damage, the 25 per 
cent would escape.) Both show’ e.vtrusions, metastases, reinfections, “allerg 5 ',” 
etc. Tliis again leaves the immunitj’’ time-lag as the one clean-cut differential 
betw-een these two groups. 

Just so with such factors as “colds,” measles, pubertj’’, adolescence — or broadly, 
the “strains of Hfe” on the one hand; sunh'ght, fresh air, good nutrition, etc. on 
the other; until one or more of these items can be shown to he confined, qualita- 
tively or quantitatively or both, to the one group, the 75 per cent, or to the other 
group, the 25 per cent, the}’' cannot earn a differential status either as preventives 
or as precipitants of material damage. 

Factors that contribute to exposure to infection contribute vei}’’ definitely to 
the incidence of infection; but b}* no means ai-e they further necessary to the 
precipitation of cases in the thus-infected. 

For example, about 70 per cent, as a general nzle, of the initially tuberculin- 
negative entrants to medical and nureing courses become infected during their 
first jmar in course. 

The majority of these infectees continue and finish their courses, sho'sving 
(or no material) damage. Does this majoritj’ escape “colds,” and other "strains 
of life” or enjoy’' more sunlight, fresh air, etc. than the minonty who do sho'W 
material damage? 


smoLisr 

The natural couree of a tubercle infection of guinea pig or person (with living 
■virulent human type bacilli) is pictured in seven simple numerical tables ^ ^ 
rising tide of bacilli which, unless checked by antibacterial i^unity^ inewtabiy 
reaches, sooner or later, numbers great enough to precipitate, throug ^ t eir 
pathogenic products, material damage enough to constitute a case, going on 

to a fatal ending. ... » - • Tn 

This latter is the natural couree of such an infection in normal gumea pigs, 
contrast, most human North American white infectees (92 per cent?) respon 
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sooner or later with antibacterial immunity units, to the immunity-eliciting 
stimuli (immunogenic units) produced by the infecting baciUi. 

The immunogenic units, being released by the bacilli, one unit from each bacil- 
lus, increase in number as the infection advances; which numbers therefore 
increase exactly in correspondence vdth the increases in the numbers o| the 
baciUi. But the wimuniiy units which the immunogenic units thus ehcit from 
responsive tissues (each immunogenic unit inducing one immunity unit) depend 
for the time of their appearance, as actively functioning antibacterial agents, 
upon the particular speed with which the particular infectee’s tissues may react 
to the immunogenic stimuh they receive. 

In the guinea pig this speed of reaction is invariably so slow that the time-lag 
between the immunogenic stimulus and the immunity response is too great to 
permit the appearance of sufficient immunitj’^ to check materiall}’' a virulent 
infection before fatal damage has already been done. 

Human infectees, unlike the guinea pig, vary in their speeds of reaction from 
infectee to infectee. Only perhaps 8 per cent of North American whites have 
such long immunity time-lags as all guinea pigs show. These, like the guinea 
pigs, die, unless aided by some form of antibacterial therapeusis. 

Of the remaining 92 per cent (?) human infectees, the majority inlierently 
possess such short immunity time-lags (that is, such rapid speeds of reaction) 
that a (small) antibacterial immunity appears early, hence while the bacilli are 
relativety few; the infection being thus ended earty, ydth little or no serious 
damage. 

Just so, one gallon of water may extinguish an incipient fire, if it is applied 
early, whereas thousands of gallons may fail to put out the fire if not applied 
until later. 

The remaining minority, perhaps 15 to 20 per cent of the total human infectees, 
possess somewhat longer time-lags; therefore material damage is done bj"^ the 
relatively huge numbers of bacilli which have appeared before substantial im- 
munity appears. But those huge numbeis of bacilli induce in due time eqiiall}^ 
huge numbers of immunity units; thus ultimately quelling the infection, which 
therefore ends in recover 3 ^ 

The seven tables illustrate the numerical details of the various processes above 
outlined; dealing with single infections, metastases, reinfections, etc. in the 
absence of immunity, and in its presence. 

SUMARIO 

La evoluci6n natural de una infeccidn tuberculosa en cobayos o personas (con 
bacilos ^n^uIentos auvos de tipo humane) aparece reproducida en siete tablas 
mimericas como una marea alta de bacillos que, a menos que sea contrarrestada 
por la inmunidad antibacteriana, alcanza, tarde o temprano, ineritablemente 
magnitud suficiente para provocar con sus productos patdgenos dafios materiales 
que bastan para formar un “case” que prosigue hasta un desenlace fatal. 

Esto ultimo representa la evolucidn natural de una infeccidn de esa naturaleza 
en los cobajms normales. En contraposici6n, la ma 3 '-or parte (92%?) de los 
sujetos blancos norteamericanos infectados responden, tarde o temprano, con 
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unidades do inmunidad antibacteriana a los esUmulos inmundgenos (unidades 
inniundgenas) quo producen los bacilos infcctantes. 

Las unidades inmundgenas liboradas por los bacilos, una unidad por cada 
bacilo, aumentan a medida quo avanza la infcccidn y exact amente en.proporcidn 
al aumento del mimoro do bacilos. Sin embargo, las unidades de inmunidad que 
las unidades inmundgenas fomentan cn los tejidos propicios (correspondiendo a 
cada unidad inmundgena una unidad de inmunidad) se gobieman, en cuanto al 
momento de su aparicidn como elemcntos antibacterianos en funcidn activa, 
por la celeridad con que los tejidos del sujeto dado reaccionen a los estimulos 
inmundgenos que recibe. 

En el ebbayo la velocidad de la reaccidn cs invariablemente tan lenta que el 
tiempo trascurrido entre el csttoiulo inmundgono y la respuesta inmunizante es 
demasiado largo para permitir la aparicidn de una inmunidad suficiente para 
coliibir efectivamente una infcccidn ^^mlcnta antes do que produzca lesiones 
letales. 

En oposicidn al cobayo los sujetos humanos infectados varian en la velocidad 
de su reaccidn, y quizes solamente 8% de los blancos norteamericanos muestran 
un tiempo de inmunidad tan largo como el que revclan todos los cobajms. Esos 
sujetos mueren, cn igual forma que los cobayos, a monos que los fortalezca 
^ alguna terapeiitica antibacteriana. 

Del 92% (?) restante de seres humanos infectados, la mayorfa posee inherente- 
mente un tiempo inmunoldgico tan breve (es decir una reaccidn tan rdpida) que 
la inmunidad antibacteriana se presenta tempranamente y por eso los bacilos 
son relativamente pocos, de manera que la infcccidn termina prontamente y 
apenas produce o no produce lesiones graves. Este es el mismo principio con- 
forme al cual un balde de agua apagara un incendio incipiente si se usa temprana- 
mente, en tanto que millares de baldes tal vez no lo apaguen si se espera de- 
masiado tiempo. 

La minorfa restante, quizds 15 a 20% del total de sujetos infectados, muestran 
reacciones menos rdpidas, por lo cual produce lesiones importantes la cantidad 
relativamente enorme de bacilos presentes antes de desarrollaiBe una inmunidad 
sustancial, aunque esa enorme cantidad de bacilos tambidn da origen con el 
tiempo a una cantidad igual de unidades de inmunidad, erradicando asi por fin 
la infcccidn que termina por consiguiente en la reposicidn. 

Las siete tablas ponen de manifiesto los pormenores numdricos de los varies 
procesos bosquejados, discutiendo las infecciones aisladas, metastasis, reinfec- 
ciones, etc., en ausencia y en presencia de inmunidad. 
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ELECTROCARDIOGRAMS IN CHRONIC PULMONARY DISEASE^ 

A Theoretical Interpretation 

EiMiVNUEL GOLDBERGER5 and SIDNEY P. SCHWARTZ 

The electrocardiograpliic patterns in chronic pulmonary disease, including 
pulmonarj’- tuberculosis, varj’’ -widely and many attempts have been made to 
explain the changes observed (1, 2, 3, 4, 5, 6). For example, in one of the more 
recent re^^ews of the subject (3), the electrocardiographic changes obseiv-ed in 
pulmonary tuberculosis -w’ere ascribed to one or more of the following four fac- 
tors: (o) changes due to independent heart disease; (b) changes due to the libera- 
tion of (hypothetical) toxic substances from the tuberculous process; (c) changes 
due to the impaired pulmonar}’- circulation and the resultant cor pulmonale; 
(d) changes due to the position of the heart. 

In recent papers (8, 10, 20) -we emphasized the importance of the position of the 
heart as a cause of changes in the standard lead patterns. Since then vre have 
extended our observations. Inasmuch as cases of chronic pulmonarj’- disease 
lend themselves admirablj'^ to our method of analj’-sis, our results, will be pre- 
sented principally from this point of -vie-w. 


M/VTERIAL AND METHOD 

A total of 125 cases of clironic pulmonary disease was studied. These cases 
■were selected from the w'ards of the Medical and Pulmonary Di\isions of Monte- 
fiore Hospital and from the Department of hledicine, Lincoln Hospital. Of this 
group there w^ere /5 with pulmonarj'- tuberculosis and 50 with nontuberculous 
conditions such as broncliial asthma, emphj'sema, bronchiectasis and cancer of 
the lung. 

^ In most of these cases, in addition to the standard and precordial leads, mul- 
tiple unipolar leads w'ere taken (9). As a means of control, w'e compared the 
records so obtained in this series with our findings in a group of 100 normal sub- 
jects in w'hom similar records w'ere taken. 

We believe that the electrocardiographic patterns observed in the standard 
leads, not only in cases of chronic pulmonarj’- disease but in all cases, normal and 
abnormal, depend on t-wo factors: (I) variations in the position of the heart; 
(2) the basic electrocardiographic patterns obtained from unipolar leads taken 
directly over or near the surface of the heart. 


VARIATIONS IN THE POSITION OF THE HEART 

Our entire concept of -what is meant by “the position of the heart” is much 
more extensive and inclusive than that of the earlier investigators. In the first 
p ace, the heart may rotate around anj’- one or more of the following three axes: 
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1: Rotation around an antero-posterior axis (figure la). When this occurs, the long axis 
of the heart becomes more horizontal or more vertical. 

S: Rotation of the heart around its long axis (figure lb). Wlien tliis occurs, the apex 
of the heart may rotate posteriorl 3 '. This has been described as a clockwise type of rota- 
tion. In such a case, the right ventricle rotates more anteriorly to the left. On the other 
hand, the apex of the heart may rotate anteriorly and the right ventricle more to the 
right. Such rotation is called counter-clockwise rotation. Clockwise rotation of the 
heart around its long axis is ordinarily, but not necessarily, associated with a vertical 
position of the heart. "UTien the heart lies horizontally, there is usually some degree of 
counter-clockwise rotation of the heart around its long axis. These two types of rotation 



Fig. 1 . The axes around which the heart can rotate. 

a. Antero-posterior axis. The arrows show the directions in which the apex of the 
heart can move. During inspiration (i), the apex moves downward. During expiration 
(e) it moves upward. The dotted rectangle shows the frontal plane of the body. The 
antero-posterior axis, as can be seen, points in a direction perpendicular to the frontal plane. 

b. The long axis of the heart. The arrows show the directions in which the heart can 
rotate. During inspiration (i) the right ventricle is more anterior. During e.xpiration (e) 
the right ventricle rotates to the right. 

c. The transverse axis. Theapexof the heart can move anteriorly or posteriorly. Dur- 
ing respiration there appears to be anterior rotation around this axis. ' 

are well known, yet it is not generally recognized that the heart may rotate around another 
axis, namely, 

S: Rotation around a transverse axis (figure Ic). When this occurs, the apex of the heart 
'is displaced forward; or the apex is displaced backward. 

From what we have just said, it is obvious that there are numerous positions 
that the heart may occupy, even without being displaced into the right or left 
chest. Fortunately it is not necessary to study all possible combinations. For 
patients with chronic pulmonary disease, we need emphasize only the following 
positions: the vertical heart, with clockvdse rotation around its long a-xis, and 
with forward rotation of the ape.x; the vertical heart in which the apex has been 
displaced backward, and the horizontal heart. 
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THE BASIC* ELECTROCARDIOGRAPHIC PATTERN’S OF tJN'IPOHVR LE.ADS N'HAR THE 

SURFACE OF THE HE.VRT 

Altliougli the usual anal 3 'sis of standard lead patterns in the electrocardiogram 
is^by means of axis de\dation, we can make use of the following simple nonmathe- 
matical method, nameb’’: TF/jc/i the basic electrocardiographic patterns of unipolar 
leads taken directly over or near the surface of the right and of the left ventricles arc 
known and when smilar patterns arc found at points distant from the heart, such as 
the extremities, we can assume that the patterns found on the surface of the, heart arc 
being traiismittcd to the cxtre7}iiiics. 

In this connection it is obvious that the basic pattern of a normal heart will he 
complete!}' different from the basic electrocardiographic patterns obtained, for 
example, in cases of m 3 ’ocardiaI infarction. However, for the purposes of this 
paper we need onl}' consider the basic electrocardiographic patterns of the normal 
heart and in right ventricular h 3 'pertroph 3 '. 

B}' means of unipolar leads (S, 16, 20) we have determined the basic electro- 
cardiographic patterns wliich are found over the surface of the right ventricle 
and over the surface of the left ventricle. However, before we describe these 
basic patterns we should like to define what is meant b}' unipolar leads. The 
ordinal}' standai-d and precordial leads in use are bipolar leads because the}' 
record the difference between the potentials of two points on the body; a unipolar 
lead actual!}' records the potential from an}’ one point on the body (16). Since 
this is so, the standard leads are different from the actual unipolar leads obtained 
from the left arm, the right arm and the left leg. However, our method of analy- 
sis is applicable to standard leads because the following relationships hold be- 
tween the standard leads and the unipolar e-xtremity leads: 

Lead I is usually similar to the unipolar lead from the left arm. 

Lead III is usually similar to the unipolar lead from the left leg. 

Lead II equals the sum of leads I and HI. 

The basic QRS pattern over the right ventricle, as recorded in unipolar pre- 
cordial leads Vi and consists of a small r and a deep S (rS). There may or 
may not be a final r (figure 2). T is upward but may be downward. This pat- 
tern occure both in the normal heart and with right ventricular h}'pertrophy and 
left ventricular h}'pertrophy. 

When the right ventricular h}'pertrophy becomes vei}' marked, this pattern 
changes. In such a case, a high E. wave is seen in precordial leads Vi and Vs- 
This may be preceded by a small r and s (figure 2e). T tends to be downward. 
We are not yet able to state what degree of right ventricular h}'pertrophy must 
be present to cause this or how many other factors are involved. In this con- 
nection, we can also point out that similar patterns may be seen in cases of right 

® Lead Vi is the unipolar precordial lead taken with the chest electrode on the fourth 
intercostal space just to the right of the sternum. Lead V. is taken with the electrode 
on the fourth intercostal space just to the left of the sterntun (9). 
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consists of a small initial q Y'ave followed by a tall R wave (qR) (figure 2b). 
There may or may not be a final S wave. T is usualb'- uiiright. This pattern 
occui-s both in the normal heart and in right and left ventricular hypertrophy. 
With marked right ventricular h3q3ertroph.y, the R wave may be quite small. 

The heart also has an endocardial surface, from an electrocardiograjihic stand- 
point. The basic unipolar lead from Avithin the lieart consists of a deep doAA'n- 
AA'ard deflection A\-ith a doAATiAvard T (figure 2c). If the electrode faces the right 
side of the interventricular septum, the dowiiAvard deflection is preceded bj" a 
small r AvaA'^e (20) (figure 2c). 

There is one other basic pattern from unipolar leads near the heart that is 
important. If the electrode is jilaced over l.he auricles, (as in an esojihageal 
lead) or on the back in the interscapular region, the basic pattern aatU consist of 
a deep Q, a high R and a dowiiAA-ard T (20) (figure 2d). This is due to the fact 
that the electrode is facing both the endocardial and epicardial surfaces of the 
heart, especiallj'- of the left ventricle. 


RESULTS 

With these facts, we can study the effect that variations in the ijosition of the 
heart have on the standard leads. 

The vertical heart: When the heart is A'ertical the left ventricle lies over the 
diaphragm and faces the left leg. The left leg lead and lead III, therefore, 
record a qR pattern. The right and left arms tend to face the caAutj’' of the 
heart and tend to have a doAA-nAvard deflection. HoAA’over, since cloclcAA'ise rota- 
tion of the heart around its long axis is usualb’’ present in a vertical heart, the 
left arm maj’’ face the right side of the interventricular septum or even part of 
the surface of the right A’cntricle. When this occurs, the left arm lead and lead I 
AA'ill haA^e an rS deflection. Such a pattern is ordinarib’^ described as right axis 
dcAuation. Figure 3 illustrates tAA'o such cases. Figure 3a is the record of a 
normal subject. Figure 3b is the record of a patient AA’ith chronic pulmonaiy 
tuberculosis invohdng the right lung. Table 1 shoAvs the incidence of this 
pattern both in the normal subjects and in the cases AA'ith chronic pulmonaiy 
disease in our series. 

In the normal subject the A^ertical heart causes the left A’entricle to face the 
left leg, as we haA^e pointed out above. With moderate or even marked right 
A^etricular hjqAertrophj" the heart usualty lies A^erticalb’’ and the left A^entricle also 
faces the left leg. Inasmuch as the occurrence of right A’entricular hj^pertrophy 
does not ordinarib’’ alter the basic electrocardiograijhic patterns of the right and 
left A'entricles, there is no AA-aj'- of determining electrocardiographicalb’’ the pres- 
ence of a moderate degree of right Amitricular h3’■pertroph3^ 

Precordial lead Aq is t.akeii with the electrode on the loft midcl.avicular line at the 
level of the fifth intercostal space. Lead Aq is taken at this same level on the left anterior 
axillary line. Load Aq is also taken on this same level, but on the left mida.xillary line. It 
should be pointed out that, if clockwise rotation of the heart around its long axis occurs, 
leads A'^i and Aq and even Aq may face the right ventricle principally. 
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with hypertension and left ^'entl•iculal• hypertrophy in addition to pulmonary 
tuberculosis, for which a right thoracoplasty had been jierformed. N'otice 
the similaritj'- between the left arm load and lead V^; and the similarity be- 
tween the left leg lead and lead Vi. Howe\’ei', in the ordinaiy case of left 
ventricular ly^pertrophy the heart does not lie verticallj" and this pattern is not 
observed. 

The vertical heart with the apex rotated backward: In cases of chronic pulmonaiy 
disease an unusual pattern is occasionallj’- encountered in the standard leads. 
This consists of a downward QRS in the three standard leads (10, 11). Such a 
pattern may, however, be observed in a normal heart (10, IS, 19). Tliis pattern 


TABLE 1 

The incidence of electrocardiographic patterns in our normal cases and in our cases of 

chronic pidmonary disease 



R.A.D.' 

VERTIC.^L 

HEART 

R.A.D.* 

DOWN- 
WARD T 
WAVES 

INDETER- 

MINATE* 

L.A.D.^ 

1 HORlZONTAt 
j HEART 

L.A.t).s 

DOWN- 
WARD T 
WAVES 

S WAVES* 
APEX 

BACKWARD 

TOTAL 

Normal 

24(24%) 

5(5%) 

25(25%) 


1(1%) 

5(5%) 

100 


Chronic pulmonary 
disease 

44(35%) 

7(5%) 

19(15%) 

38(30%) 

7(5%) 

13(10%) 

125 



* R.A.D.; Right axis deviation. This is due to a vertical position of the heart. 

- Forward rotation of the apex of a vertical heart can cause the T waves in the left leg 
lead and leads II and III to point downward. 

’Indeterminate; These electrocardiograms showed characteristics of both right and 
left axis deviation. 

^ L.A.D.: Left a.xis deviation. This is due to a horizontal position of the heart. 

’ Counter-clockwise rotation of a horizontal heart around its long axis can cause the 
T waves in the left arm lead and lead I to point downward. 

® When the apex of the heart is rotated backwards, prominent S waves may appear in 
the three standard leads. There is no description of this pattern in terms of axis deviation. 

does not correspond to any of the criteria of axis deviation, but as we have men- 
tioned elsewhere (10) the e.xplanation for such a pattern is very simple if we as- 
sume that in such cases the heart lies vertically’’ and the apex has been rotated 
backward. 

^^Oren this happens, the left leg, which ordinarily’ faces the left ventricle in a 
vertical heart, would tend to face the right ventricle. Its pattern would there- 
fore change from a qR deflection to an rS deflection, as would lead III. Simi- 
larly both the right and left arms would tend to face the back of the heart, because 
with the backward displacement of the ape.x, the base of the heart is pushed for- 
ward. The basic pattern posterioily, as we mentioned above, is a QR pattern. 
It is al way’s seen in the right arm lead in these cases (10), but may’ not be seen 
in the left arm lead. This indicates that clock’wise rotation of the heart around 
its long axis is also present. Figure 5a illustrates such a case. This is the record 
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pattern in our series is shown in table 1. Such a pattern ordinarily is described 
as left axis deviation. It occurs both in a normal horizontal heart, in a horizontal 
heart in which left ventricular h 3 ’-pertrophy occurs and in a horizontal heart vith 
right ventricular hj^pertrophy, provided the basic electrocardiographic patterns 
have not changed. If the right ventricular hj^pertrophy has a basic pattern of 
the tj^pe shown in figure 2e, the left leg lead and lead III have high R waves, and 
left axis deviation does not occur, even though the heart is horizontal (S). 

We may point out that when the apex of a horizontal heart, whether or not it is 
normal, is displaced backward, the right arm lead records a QR pattern just as 
in the case of the vertical heart whose apex was displaced backward. This causes 
lead II to resemble lead III instead of resembling lead I (16). 



Fic. G. The effect of rcsi)ir.a(ion on the elect rop.nrdiogr.im of :i vcrtic.il licart Xornial 
heart. P. C., female, Ifl. 

Control (upper line) — taken during quiet respiration. 

Inspiration (lower lino) — taken during a deep inspiration. 

Both records were taken with the patient in a recumbent position. 

T %mve changes in vertical hearts: So far we have s{rc.sscd tlie changes in tlie 
QRS complex which are caused bj' changes in the position of the Iicart. Al- 
though these facts have been partiall.v known in the pa.st, it was felt b.v many 
that, if right axis deviation was merel.v due to a vertical licart, (he adflitional 
presence of a dovmward indicated right ventricular hypertrophy, enlarge- 
ment or right ventricular strain (3). This, is not so, because in a vertical heart 
a combination of forward rotation of the apex around the transverse axis of the 
heart and clockwise rotation of (he heart around its long axis can cause the T 
waves of the left leg lead and of leads II and III to point downward. Figure (1 
illustrates how this can occur in a normal individual. This is (he reeoixl of a 
19 year old girl. Fluoroscop.v of the chest showed that .she had a normal vert ieal 
heart. The electrocardiogram taken during quiet respiration sliowdl a fjR in 
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arm lead and lead T point, and irrespective of what the effects of inspiration are, 
to find both upward and downward T waves in the region of the left arm lead. 

In order to test the validity of this h 3 ^pothesis, we selected at random, 47 
cases, including 25' cases where the heart was vertical, using the following rules. 
The vertical cases included 10 normal subjects and 15 with chronic pulmonaiy 
disease. 

Rule 1: To determine the effect of forward rotation of the apex around the transverse 
axis'of the heart: 

(a) Place the right arm electrode anteriorly and lower. 

(b) Place the left arm electrode anteriorlj’^ and lower. 

(c) Place the left leg electrode postei’iorl 3 '^ over the lower back. 

Rule 2; To determine the effect of more marked clockwise rotation of the heart around 
its long axis, when it has a vertical position with a qR jrattern in the left leg lead and an 
upward T wave: 

(a) Place the right arm electrode posteriorly on the right suprascapular legion. 

(b) Place the left arm electrode anteriorly over the left clawcle. 

(c) Place the left leg electrode to the right. (We have previouslj' shown that left 
leg potentials are similar to those from the left anterior abdominal wall (8), so 
that the electrode would be moved to the right lower abdominal wall, the right 
flank or, in extreme cases, to the right lower back. 

Rule 3: To determine the effect of less marked clockwise rotation of a vertical heart around 
its long axis, place the right arm electrode anteriorly, the left aim electrode iiosteriorly 
and the left leg electrode to the left. 

Rule 2 also holds for a horizontal heart to determine the effect of less marked 
counter-clockwise rotation of the heart around its long axis; and rule 3 also holds 
to determine the effect of more marked counter-clockwise rotation of a horizontal 
heart around its long axis. 

Our results in 4 typical cases with vertical hearts are illustrated in figures 8 and 
9. In order to simplity the discussion Ave shall show onl}' the effects of moving 
the left leg electrode. Figures Sa and b are from the same patients shown 
in figures 7 and 6, respectiveljL Patient shown in figure 7 had chronic jnil- 
monaiy disease. Person shown in figure G was normal. Notice how unipolar 
leads from the right lower back in figures 8a and b have downward T waves. 

Figure 9a is the record of a 38 jmar old woman with extensive ]iul- 
monaiy tuberculosis and a right thoracoplastj’. Her heart was almost 
completelj' drawn into the right thoracic cage. In the extremit.y leads, a down- 
ward T is present in the left leg lead and leads II and III. However, uniiiolar 
leads taken from the left flank and back showed an upward T wave. In this 
case wc have also shown the effect that moving the left leg electrode would 
have on the standard leads. In figure 9b are shown the sjiecial standard leads 
which were obtained with the left leg electrode placed on the left flank rather 
than on the left leg. Notice how the T waves of loads II and HI have become 
upright. Figure 9c is from the same patient shown in figure 3c. When the 
left leg electrode is moved to the left flank or left lower back, 4' bccome.s upright . 

T wave changes in horizontal hearts: Just as rotation of a vertical heart causes 
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the T waves of the left leg lead and leads II and III to become downward, marked 
counter-clockwise rotation of a horizontal heart can cause the T waves of the 
left arm lead and lead I to become downward, even if the heart is normal in size. 
This fact has not been apijreciated because it is extremely rare for a noi'mal 
horizontal heart to be sufficiently rotated in a counter-clockwise direction around 
its long axis to cause this, although one of our normal cases presented this finding, 
and similar cases have been reported in the literature. 

Furthermore, deep inspiration in the case of a horizontal heart with 
a dovmward T often causes the T of the left arm lead and lead I to become up- 
right (13). Finally, upward and downward T waves can be found in the region 





Fig. 8. The effect of moving the left leg electrode to the right in cases with vertical 
hearts and upright T waves in the left leg lead. 

L, Leg; The left leg lead. 

R. Lower: Unipolar leads obtained from the right lower back. 

a. The same patient as figure 7. 

b. The same patient as figure G. 

of the left arm lead (14), using the rules described above. Table 1 sliows tlie 
incidence of dovmward T waves in our series. However, rotation of the heart 
is not the only factor, in the absence of myocardial damage, which can cause 
the T waves to point downward, either in the horizontal or vertical heart. Such 
other factors have been described elsewhere (S, 14). 

P tvave changes: In 1935, Wintemitz (15) described a P wave jDattern which 
he considered specific for the pulmonic heart. Tliis consisted of a low Pj. Pj.s 
on the other hand, were high and peaked and often reached an amplitude of 3 
or 4 mm., but the base of the P waves had a normal width, not exceeding 0.1 
second. This has been questioned by many Avho feel that the changes arc due 
to rotation of the heart or displacement of the mediastinum (7). 
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"We feel that a coml)ination of forward rotation of the apex and clockmse 
rotation of a vertical heart around its long axis causes the P waves to appear 
larger in the loft log lead and loads II and III in addition to causing changes in 
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Fig. 9. The effect of moving the left leg electrode to the left in cases with vertical hearts 
and downward T waves in the left leg lead. 

L. Leg: The left leg lead. 

L. Lat.: Unipolar leads obtained from the left flank. 

a. Case of chronic pulmonary tuberculosis. J. P., female, 38. The patient had a right 
thoracoplasty and practically the entire heart was drawn into the right chest. 

b. The same patient. These standard leads were taken with the left leg electrode on 
the left flank instead of the left leg. Notice how T2,3 became upright as a result of shifting 
the electrode. 

c. The same patient as figure 5c. 


the QRS and T. Notice the increased amplitude of the P waves in the left 
leg lead and leads II and III caused by inspiration (figures 6 and i). A similai 
change is seen Avhen the left leg electrode Avas moA'^ed to the right loAA'’er back 
(figures 8a and b.). When, as in figure 9a, the left leg electrode was moved 
to the left, P became smaller. 
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However, changes in the P wave, due to auricular h.ypertroph.y, do occur. 
Although our observations of such P wave changes liavc been limited, we believe 
that changes in the width of P, in addition to changes in amplitude, are impoiiant. 
On the basis of preliminary observations, we feel that, if P has a width of 0.12 
second or more and an amplitude of 3 mm. or more in a standard lead, auricular 
hj'-pertrophy is present. We further do not believe that a diagnosis of right or 
left auricular hypertrophy can be made by the presence of the P wave changes 
in anj' combination of standard or unipolar extremity leads, because such P 
wave patterns vaiy with the position of the heart just as the QRS does. In 
many of our cases of chronic pulmonary disease w^e noted large biphasic P waves 
in precoi'dial leads Vi and Vj. How’evei', a small biphasic P w’ave can be ob- 
served normally in these leads. 


DISCUSSION 

Correlation of the electrocardiogram with the radiological position of the heart 
is not a new idea. Master, for example, published a monograph (21) con-elating 
the electrocardiogram and X-ray configuration of the heart. Gardberg and 
Ashman (18) more recently have showm that the electrocardiogram can be antici- 
pated by study of the X-ray appearance, and Wilson (17) has already developed 
a system of describing the electrocardiogram on the basis of the position of the 
heart. 

However, radiological correlation of electrocardiographic patterns is difficult'. 
Although the vertical and horizontal heart can be observed radiologically, at 
present there is no accurate way of measuring radiologically the degree of rotation 
of the heart around its long axis or of measuring radiologically forward or back- 
ward rotation of the apex. We, how'ever, have begun to study rotation of the 
apex around the trans\'erse axis of the heart b}' means of lateral X-ray ^4cw•s 
with the patient in a recumbent position, in different phases of respiration, and 
on standing. This lack of knowledge, how’ever, docs not invalidate our results. 
Rather it should serve as a stimulus to further study of the radiological charac- 
teristics of the rotated heart. This has probably been the reason why radio- 
logical and electrocardiographic correlations of the effect, of such factoi-s as 
pneumothorax, thoracoplasty, etc. have not proved too successful. 

The value of an approach, such as ours, can be seen when cases of chronic 
inilmonary disease are studied over long periods of time, because such findings 
as left axis deviation changing to right axis deviation, or the development of 
downward T w'aves can easily be explained bj' changes in the position of the heart 
which occur, although we do not deiy that altered cardiovascular djuiamics and 
hypertrophj’- and even dilatation of the right ventricle can and do occur in the 
course of the disease process. 


CONCLUSIONS 

1 . The electrocardiographs patterns found in standard leads in cases of chronic 
pulmonary disease can be explained in terms of the position of the heart, if the 
basic unipolar jiatterns of leads from the surface of the right ^•entricie and from 
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the surface of the left ventricle are known. In the normal heart or in the heart 
vdth moderate right ventricular hypertrophy, the basic right ventricular pattern 
consists of an rS deflection and the basic left ventricular pattern consists of a 
qR deflection. The basic pattern from .the interior of the heart consists of a 
QS wave or an rS deflection. The basic pattern from the back of the heart 
consists of a QR deflection and a downward T. 

2. When the heart is vertical the left ventricular pattern and the left leg lead 
are similar. Since lead III resembles the left leg lead, a qR deflection is found 
in lead III. When the heart is in such a position, the right and' left arms tend 
to face the interior of the heart and record a Q wave or an rS deflection. Lead 
I is similar to the left arm lead and an rS deflection is also found in lead I. This 
pattern is generally described as right axis deviation. It occurs in the normal 
vertical heart and in a vertical heart which is the seat of moderate right ventricu- 
lar hypertrophy or of left ventricular hypertrophy. 

3. When the apex of a vertical heart is rotated backward, the right ventricle 
tends to face the left leg and the left leg lead and lead III record an rS deflection 
instead of a qR deflection. Similarly the right and left arms face the back of the 
heart and record a QR deflection. In the standard leads this may cause the three 
standard leads to point downward or lead II to resemble lead I instead of lead 
III. There is no description of this pattern in terms of axis deviation. 

4. "V^Tien the right ventricle is markedly hypertrophied the basic right ventricu- 
lar precordial lead changes and consists of a high R wave. If the heart lies 
vertically this pattern will not be transmitted to the standard leads, but if 
the apex of such a heai-t is displaced backward, the right ventricular pattern is 
projected to the left leg lead and lead III. High R waves appear, but there will 
“be noted the absence of Q waves. 

5. When the heart is horizontal the left ventricular pattern, the left arm lead 
and lead I are similar and consist of a qR deflection. The right ventricular 
pattern, the left leg lead and lead III are also similar and consist of an rS deflec- 
tion. This pattern is ordinarily called left axis deviation. If the pattern over 
the right ventricle has the signs of right ventricular hypertrophy, namely a high 
R, the left leg lead and lead III vdll record this, because the heart is horizontal, 
and left axis deviation will not appear. When the apex of a horizontal heart is 
displaced backward, lead II tends to resemble lead III instead of lead I. 

6. "V^Tien the vertical heart has forward rotation of the apex and clockwise 
rotation of the heart around its long axis, the T waves in the left leg lead and 
lead III become dovmward. Inspiration or standing can cause this to occur. 

7. Similarly a horizontal heart with marked counter-clockwise rotation around 
its long axis may have downward T waves in the left arm lead and lead I. In- 
spiration may cause these T waves to become upright. 

8. These are onty a few of the many positions that the heart can occupy. 

9. P waves, 3 mm. or higher ai'e often noted in cases of chronic pulmonar}’’ 
disease. These are also usually due to rotation of a vertical heart. TVflien 
changes in the P W'ave due to auricular hj’^pertrophj’' appear, the base of the P 
widens to 0.12 second. With auricular hj’pertrophj’-, large biphasic P weaves may 
also appear precordial leads Vi and V*. 
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SratMARY 

In this paper we described a metliod of interpreting ‘standard and unipolar 
axtremity electrocardiograms, and we applied it to noimal eases and to cases of 
clu'onic pulmonary disease. With our method, the extremity leads are com- 
pared to unipolar leads taken taken near the various surfaces of the right and left' 
ventricles. Thus, if lead I and the left-arm lead are similar to a left ventricular 
lead, it indicates that the position of the heart is such that the left ventricle faces 
the left arm. The heart is therefore horizontal. However, if lead HI and the 
left-leg lead are similar to a left ventricular lead, it indicates that the left ventricle 
faces the left leg. The heart is therefore vertical. 

Rotation of the heart around its antero-posteiior axis, around its long axis and 
around its transverse axis can be studied in this waJ^ Furthermore, man}’- of the 
T-wave changes which are often seen can be also e.xplained by this method. 

We also showed that the unipolar leads near the surfaces of the heart do not 
necessarily change rrith right ventricular hypertrophy. However, right ventric- 
ular hypertrophy occasionally produces a characteristic pattern in the right 
ventricular lead. 

Thus, in any case, variations in the standard and unipolar extremity leads are 
due to; 

J. Variations in the basic electrocardiographic patterns in unipolar leads 
near the heart, and 

Variations in the position of the heart. 

STOIARIO 

En este trabajo describese un mfitodo para interpretar los electrocardiogramas 
de la punta, tanto habituales como unipolares, que se ap!ic6 en casos tanto 
normales como de enfermedad pulmonar cr6nica. Con este m^todo las deriva- 
ciones de la punta se comparan con las unipolares obtenidas cerca de las varias 
superficies de los ventrfculos derecho e izquierdo. For ejemplo, si la derivacidn 
I y la del brazo izquierdo son semej antes a la del ventrfculo izquierdo, esto indica 
que la posici6n del coraz6n es tal que el ventrfculo izquierdo da frente al brazo 
izquierdo y el coraz6n es por lo tanto horizontal. Sin embargo si la derivaci6n 
III y la de la piema izquierda son semejantes a la del ventrfculo izquierdo, esto 
denota que el ventrfculo queda frente a la piema izquierda, y por lo tanto el 
coraz6n es vertical. 

En esta forma puede estudiarse la rotaci6n del corazdn alrededor de su eje 
antero-posterior, alrededor de su eje largo y alrededor de su eje transversal. 
Ademds pueden tambi& explicarse asi mucbas de las alteraciones de la onda T 
que se observan a menudo. 

Tambi^n se demostrd que las derivaciones unipolares, cerca de la superficie del 
corazfin, no son alteradas forzosamente por la bipertrofia del ventrfculo derecho; 
pero esta bipertrofia impiime de cuando en cuando un molde caracteristico a la 
derivaci6n ventricular derecha. 

En cualquier caso, las variaciones en las derivaciones de la punta, habituales 
y unipolares, se deben pues a: 
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1 . Yariacioncs dc los trazos clcctrocardiogri'ificos bdsicos en las derivaciones 
unipolarcs ccrca del cora 26 n, y 

2 . Yariacioncs en la posici 6 n del coraz 6 n. 
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BRONCHIOLAR SPASM AS A CAUSE OF REfiXPAKSION OF A 
LUNG FOLLOWING INTRAPLEURAL PNEUMONOLYSIS 

OTTO C. BRANTIGiySfi and REUBEN HOFFMAN’ 

Reexpansion of a lung, wth consequent loss of pneumothorax, is a potential 
development following closed intrapleural pneumonotysis. When the poten- 
tiality becomes a reality, the patient is faced with either a substitute therapeutic 
fneasure that is less desirable or postponement until some more radical measure 
becomes applicable. Not uncommonb"-, no other collapse measure is indicated 
or possible and the patient must fall back on expectant treatment. 

Postpneumonol3'sis ree.xpansion of lungs can, in a significant number of cases, 
be pre^^ented. For thcrap}’- to be rational, the underl3ing cause must be recog- 
nized. It is the purpose of this article to re\iew’' briefl3'' the problem of post- 
pneumonob'sis reexpansion and to call attention to a mechanism that is believed 
to be among the more common causes. 

The etiological factors that can precipitate the postpDeumonol3'sis reexpansion 
of a lung are (Jf) excessive' cough, (R) the presence of an endobronchial lesion 
that produces a check-valve obstraction and (S) the production of a check-valve 
t3’pe of obstruction resulting from broncliiolar spasm. 

The mechanism in all three instances is the same: increased intrapulmonic 
pressure wdiich results in the ree.xpansion of the lung. The end-result in all 
three instances is the same: escape of air through the operative w^ounds into the 
subcutaneous tissue resulting in loss of tlie pneumothorax. 

If therapy is to be effective in combating the loss of the pneumothorax, the 
cause must be determined and the proper measures applied. Tlie administra- 
tion of refills ■with increasing frequenc3’’ and in increased amounts is mei'el3’' sub- 
stitutive and, w'hen the cause is not combated, will often do no more than delay 
the ultimate loss of the pneumothorax. The prevention of the loss of pneumo- 
thorax in the presence of increasing intrapuhnonic pressure ■would necessitate 
the maintenance of an intrapleural pressure great enough to overcome the 
increasing intrapulmonic pressure. There are three obstacles that w^ould pre- 
vent such a procedure from being successful ; the patient cannot tolerate the intra- 
pleural pressure that would be necessary, the increased intrapleural pressure 
would augment the rate of absorption of the intrapleural air and the inability 
to make the operative w'oimds air-tight would result in the air being forced into 
the subcutaneous tissue. 

The loss of pneumothorax due to excessive cough is usuall3’’ a simple problem 
and the therapy equally simple. It is merel3'' important to remember that cough 
results in a temporar3'' rise in the intrapulmonic pressure sufficient to force the 

’ Department of Surgery, School of Medicine, University of Maryland, Baltimore, 
Maryland. 

’ Maryland Tuberculosis Sanatorium (Colored Branch), Henry ton, Maryland. 
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intrapleural air into the subcutaneous tissue. Adequate postoperative sedation 
and proper spacing of refills is all that is necessary. 

Tliere is a circumstance, however, when continued cough must be treated by 
something more than sedation. Ordinarily, the cough initiated by the operative 
procedure will subside vithin a short time. Cough that persists unduly long 
after operation (or if marked before operation) should be suspected as being 
caused by an endobronchial lesion and bronchoscopic examination should be 
performed. 

The frequent cough may interfere vdth the maintenance of an optmum pneu- 
mothorax even after the operative wounds have healed by producing periodic 
episodes of increased intrapulmonic pressure vith a consequent rise in the rate 
of absorption of the intrapleural air. 

The postoperative loss of pneumothorax due to the presence of an endobron- 
cliial lesion that creates a check- valve obstruction has been described (1) . Under 
this circumstance the lung is subjected to an increasing intrapulmonic pressure 
resulting in a rapid reexpansion of the lung. Pnemnothorax refills, regardless 
of their frequency or size, fail to prevent reexpansion and the lung is finally 
apposed to the chest wall under positive pressure. Failure to reinstitute the 
pneumothorax, soon after reexpansion has occurred, is due to the increased 
intrapulmonic pressure and not to pleural symphysis. 

It has been observed that some patients will experience reexpansion of the 
lung after complete severance of adhesions by the closed intrapleural route when 
excessive cough is obviously not a factor and where postoperative bronchoscopy 
fails to reveal any cause for the reexpansion. Since the reexpansion in these 
cases usually involves the whole lung, the presence of an endobronchial lesion 
(after normal bronchoscopic findings) cannot be entertained as the cause. To 
explain such a reexpansion on the basis of an endobronchial obstruction would 
require a check-valve mechanism in the main bronchus or at the several orifices 
of the branch bronchi. To postulate the presence of check-valve obstruction in 
the several branch bronchi outside the visual field of the bronchoscopist (as 
justification for normal bronchoscopic findings) does not merit serious con- 
sideration. 

To explain the reexpansion of a lung under the circumstance when excessive 
cough and endobronchial disease are not the causes, we have postulated that the 
cause is spasm of the terminal bronchioles (or alveolar ducts) and that this spasm 
creates a check-valve type of obstruction vdth resultant increased intrapleural 
pressure. 

That bronchiolar spasm can bring about this sequence of events finds some 
support in the fact that this mechanism is encountered in asthma. Further 
suggestive evidence was obtained when the administration of a drug that over- 
comes bronchiolar spasm prevented reexpansion of the lung (when the use of 
the drug was the only procedure employed). As increasing experience vith 
this condition was obtained, it became ob^dous that the lung had a characteristic 
appearance and could be readily recognized at time of thoracoscopic examination 
and by the characteristic behavior both operatively and postoperativelj\ 
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At thoi-acoscopic examination the lung which is kept ])arlly inflalccl b 3 ' the 
bronchiolar sjiasm has a voluminous appearance. The pulmonarj' edges arc 
rounded as is the site of the pulmonar\’ origin of the adhcsion{s). During opera- 
tion the lung has a tendency to reexpand and, in some instances, ree.xpands 
sufliciently to interfere with the operative procedure. Even when all adhesions 
have been severed, the degree of collapse obtained is disappointing and never 
as much as would have been expected. In some instances tlic severance of the 
adhesions docs not increase the degree of collapse at all. Postoperativelj', this 
type of lung shows a definite (and sometimes marked) tendency to rce.\-pand 
with a concomitant amount of subcutaneous cmph 3 'seraa. Reexpansion occur 
often in spite of frequent refills. 

The appearance, operative and postoperative behavior of the voluminous lung 
arc in striking contrast to the appearance and behanor of the lung in wliich 
bronchiolar spasm does not exist. Under this circumstance the pulmonar 3 ' 
edges are sharp and the pulmonar 3 ' attachment of the adhcsion(s) is tliin and 
sharp. In addition, patclu' areas of atelectasis are visible. At operation there 
is no tendenc 3 ’’ to reexpand and when the adhesions have been severed, the lung 
prompt^" deflates Postoi3orativcl3' the lung (according to X-ra 3 ' examination) 
remains well collapsed, there is vciy little or no subcutaneous emph 3 *sema, imme- 
diate postoperati\’c refills arc liardb' ever ncccssar 3 ’ and subsequent refill sched- 
ules are usualb" lengthened. Subsequentl 3 % the uninvolved lung rce.xpands in 
whole or part with the diseased lobe(s) remaining selcctiveb' collapsed. 

The postoperative management of the lung subjected to bronchiolar spasm is 
relief of the spasm until the tendency to reexpand is overcome. Formerb'-, tliis 
type of lung was diagnosed at time of operation and reexpansion of the lung 
predicted, but treatment was withheld until reexpansion of the lung had actuall 3 ' 
begun. It was found that 0.5 cc. of adrenalin (1 : 10,000) and 25 rag. of ephedrine 
sulfate given mtramuscularb’’ eveiy four hours for twenty'-four to forty'-eight 
houra overcame the spasm. At present, if this condition is diagnosed at opera- 
tion, treatment is begun immediateb'' upon completion of the pneiunonob^sis. 
In place of adrenalin and ephedrine, 0.5 cc. of adrenalin (1:500) in oil is used. 

It is given intramuscularly immediately after operation and every four hours 
for twenty-four to forty-eight hours. This usually suffices to overcome the 
spasm. If there is evidence that the spasm persists, the medication is reinsti- 
tuted for an additional twenty’^-four hours. 

Response to therapy has been uniformly’" good. No untoward effect from the 
use of adrenalin has been noted. An occasional patient will complain of being 
nervous. Patients frequently comment that the act of expectoration becomes 
easier after the administration of the drug. 

COMMENT 

There are many questions associated with broncliiolar spasm that need to be 
answered. However, ^Ye feel that it is not fruitful to indulge in mere speculation 
and w’e attempt no exposition of the problem. Our purpose is merely'^ to call 
attention to the fact that the condition exists. We feel certain that the sequence 
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of events we have described has been observed b}’' those who have had an}’" 
appreciable experience with closed intrapleural pneumonolysis. 

For the present it is sufficient that the condition of bronchiolar spasm can be 
recognized at operation and reexpansion prevented by the appropriate use of 
adrenalin. This condition is worthy of attention, since, in our experience, it is 
one of the more common causes for postoperative reexpansion of a lung. 

SUMMARY 

Attention is called to the fact that reexpansion of a lung, following successful 
severance of adhesions by w^ay of the closed intrapleural route, may occur in the 
absence of demonstrable endobronchial disease and in the absence of excessive 
cough. 

It is postulated that such reexpansion is due to bronchiolar spasm when exces- 
sive cough and endobronchial disease can be ruled out as causes. 

The “voluminous” appearance of the lung, its tendency to reexpand during 
operation and after operation in spite of frequent refills are characteristics that 
sharplj’’ differentiate this condition from the usual uncomplicated operative 
course and postoperative management of the lung that is free from endobronchial 
disease and not subjected to bronchiolar spasm. 

Treatment of the bronchiolar spasm wdth adrenalin has given uniformlj’’ good 
results and the tendency to reexpand is sharply diminished and freqimtly 
abolished. 


SUMARIO 

Lldmase la atenci6n sobre el hecho de que la reexpansidn de un puhndn, 
despuds de resecarse las adherencias por via intrapleural cerrada, puede tener 
lugar, aun sin haber enfermedad endobronquial observable y tos excesiva. 

Postulase que dicha reexpansidn se debe a espasmo bronquiolar cuando pueden 
excluirse como causas la tos excesiva y la afeccidn endobronquial. 

El aspecto “voluminoso” del pulm6n, su tendencia a ree.xpandirse durante la 
operacidn y despuds a pesar de las frecuentes, reinsuflaciones, constituyen carac- 
teristicas que diferencian totalmente dicho estado de la habitual evolucidn 
operatoria sin complicaciones y el tratamiento postoperatorio del puhndn que 
se halla exento de afeccidn endobronquial y no experimenta espasmos invariable- 
mente buenos y tiende a atenuar y frecuentemente a hacer desaparecer la tenden- 
cia a la reexpansidn. 
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RESPIBiATORY MALFORMATIONS ^ 

Types, Causes and Significance - 
A Preliminary Report 
HOVEY JORDAN 

Sometime ago,- in coimection with a detailed study of two new human cases 
sho-wing the same type of anomalous development of respiratory tissue (14) 
(figures 1, 2), and a review of the literature on the subject, a comprehensive 
morphological classification of the various types of respiratory malformations 
(anomalies) W'as published (1). 

Structural anomalies of the respiratory system and of respiratory tissue re- 
sulting from abnormal development may, in general, be Rouped, for the pur- 
poses of this preliminary report, into two inclusive classes: first, those which 
are connected to or are a part of the respiratory system and, second, those viiich 
are not connected to an}’' part of this sj^stem. The first group includes such types 
as abnormal lobes or fissures of the lung itself, and agenesis of a lung (2, 3). 
The second group, on the other hand, not only have no morphological connection 
to the definitive respiratoiy system, but often seem to arise independently of this 
system and of its anlage^, as ■n'ill be described below. 

With respect to anomalies of this second group, that is, anomalous respiratory 
tissue which is not connected to any part of the respiratoiy system, it should be 
noted that there are two subdi^^sions (IHi and IHs) in the more extensive 
classification (1). One of these, IHi, includes anomalous Jobes which are 
pedunculated to some nonrespiratoiy organ or structure, such as the wall of the 
posterior mediastinum, diaphragm, body wall or even to the alimentary tract. 
It is to this group that the 2 new cases studied in our laboratory belong (figures 
1 and 2). 

Both of these anomalous lobes ■a^ere essentially identical in morphology and 
relations, as well as in the structure and site of attachment of their pedicles. 
In each case the lobe was located in the left pleural caiity just above an intact 
diaphragm and posterior (dorsal) to the lower lobe of the left lung. The pos- 
terior surface of these anomalous lobes ■were convex (figure 2) and fitted into the 
conca'vity of the posterior thoracic wall. The anterior surfaces were flat (figure 
1) and rested upon the posterior aspect of the liing. Both of these lobes were 
attached by a pedicle to the pleura of the left wall of the posterior mediastinum 
where this wall joins the superior surface of the diaphragm and the posterior 
body -^^all (figures 1 and 2). In each case a reflection of parietal pleura which 
formed the wall and stroma of the pedicle also continued around the anomalous 
lobe to enclose it as a pleural (serous) covering. Neither of the pedicles con- 

‘ From the Laboratory of Histologj’-Embryology, Department of Anatomy, College of 
Medicine, University of Vermont, Burlington, Vermont. 

- It is planned later to publish a comprehensive and detailed account of the study which 
has been partially completed. 
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Fig.I. (Upper) Casel. The anomalous lobe, type IHi, in the thoracic cavity of a full- 
term stillborn male fetus, showing the pedicle which attaches the abnormal lobe to the 
pleura of the left wall of the posterior mediastinum where this wall joins the diaphragm 
and posterior body wall. The pedicle contained blood vessels and nerves but no bronchi. 
Forceps are clamped onto the edges of the diaphragm. 

Fig. 2. (Lower) Case 2. Posterior view of the lungs, diaphragm, pedicle and anomalous 
lobe, type IHi, of a male infant. The anomaly rests on a small piece of white paper. Glass 
tubes are inserted in the esophagus and trachea, which project through the inferior surface 
of the diaphragm. 




58 


HOVEV JORDAN 


tained anj'^ bronclii, although there were numerous blood ^'essels 121 eacli one 
which supplied the tissue of the anomaly. Numerous nerve trunlcs, and in one 
case ganglion cells, were also present in the pedicles. Each of these abnormal 
lobes was free in the left thoracic cawty, except for tliis pedicular attachment. 
Both malformations were of about the same size. The anomalous lobe in case 
1, a stillborn, full-term, male fetus, was 30 mm. long and 25 mm. vide; while 
that of case 2 , a 3 ’^ear old male infant who died of complications folloving a severe 
burn, was S mm. longer. 

Histologicall}'- (figures 3 and 4) each anomalj’’ is seen to consist entirel}’’ of 
lung tissue wliicli, however, is someAvhat atypical in structure and organization. 
The bulk of the tissue in each case is made ip) of alveoli (realty pseudo-alveoli) 
of varjing sizes and shapes. Numerous broncliioles which are somewhat vari- 
able in structure are present and these are seen in some instances (figures 3 and 4) 
to lead into the alveoli. Each alveolus in case 1 (figure 3) is lined b 3 ’- a cuboidal 
epithelium and none of the ah'^eoli were collapsed, e^'en though no air could have 
reached them. It is also interesting to note that these alveoli contained little 
or no fluid. The expansion of these pseudo-alveoli, then, would seem to be the 
result of the pattern of growth of the parent tissue (anlage) of the malformed 
lobe. In case 2 (figure 4) some of the alveoli are expanded and ha^^e the same 
cuboidal lining as in the fimt case, although in other regions of the anomab’’ man 3 ’- 
of the alveoli appear to be relative^'’ unexpanded and present the picture of much 
more typical lung tissue. The stroma of each anomal 3 '’ is composed of areolar 
connective tissue in wliich ai’e numerous small blood vessels. All of these 
vessels appear to be purel 3 '’ nutritive in character and none of them seem to 
have a position in relation to the alveolar walls which would be expected if the 3 '’ 
Avere of respirator 3 '- nature. 

In all, about 50 such cases have been described. On the basis of their mor- 
pholog3’- and relations (figures 1 and 2 ), as well as on their histological picture 
(figures 3 and 4), anomalous tissue of this type, IHi, seems, in general, to con- 
stitute a definite anatomical entity; although in some instances (22, 24) cases 
have been reported Avliich are intermediate between this group and the second 
diAusion in the more extensiA^e classification (I), that is type IH 2 , beloAV. These 
intermediate cases might, on the basis of certain characteristics, be classed in 
either groujA. Anomalies of type IHi, principalty, haA'e often been included in a 
general and miscellaneous group, as far as origin and structure are concerned, 
AAdiich are called coIlectiA'ety “inferior accessor3'' lobes,” Schaffnor ( 11 ) and Soper 
(Sa), or “loAA'cr acccssoiy lungs,” DaAues and Gunz (12). None of these anoma- 
lous lobes (IHi), hoAA’CA'er, are connected to the respiratoiy .S3'slem and, there- 
fore, the3^ are irot tine accessory lung lobes. The3’^ are, rather, supeimimerar3', 
anomalous lobes or masses of atypical and nonfunctional respirator3' tissue. 

One great significance of these cases is that the3’’ serve as a good basis for a 
reexamination and extension of our ideas concerning the origin and clinical 
significance of respiratoiy malfonnations and this iirinciple ajiplics, also, to the 
second subdiAision, Ilty. Those, likcAAisc, are a more or less definite anatomical 
cntit 3 ', although theA’’ are closety related in method of origin and c.ssential sig- 




Fin. 3 (Upper) Case 1 A section of the iinomalous lobe showing the pleural covering, 
stioma and pseudo-bioiichi leading into pseudo-alveoli. These alveoli were all expanded, 
contained no fluid and wore lined by a cuboidal epithelium. 

Fig 4. (Lower) Case 2 A section of the anomalous lobe, showdng essentially the same 
featuios as that of case 1 In certain legions this anomaly had differentiated into somewdiat 
more typical lung tissue than tiiat of case 1, although pseudo-alveoli lined by cuboidal 
epithelium aie present heic as scon in this section. 
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nificancc as well as in structure and relations in some instances to t.ype IHj, as 
noted above. They would be included generally and under more or less commom.- 
\isage in that nonspecific and miscellaneous group of anomalous stiucturcs of- 
resj)iratory nature which, i-cgardless of oripn and anatomical relations, are, . 
frequently called bronchogenic, resjiiratoiy or ]nilmonary cysts (26, 39). Tliis 
second group difl’em from the fimt chien.v in the facts that the anomalous respira- 
tory tissue is not pedunculated to but rather included in the wall of some non- 
respiratory structure, usuallj’’ blit not alwaj'S in the wall of the esophagus, gut 
or mediastinum (from which it may protrude in varjnng degree, thus in some 
cases resembling type IHi) and, further, that it is more or less cystic in nature. 
Somewhat fewer cases of this ty]3e of structural anomaly have been described 
than of type IHi, in all about 30 have been re\dewed. One unusual case was 
described to the author by Doctor Wolbach with jjermission to publish (4), in 
which a cyst of respiratory tissue (type IHs) was found in the subcutaneous tissue 
of the human poslcrior body wall in the midthoracic region. An anomalj" in 
this same category has also been reported to the author by Doctor Farber (32) 
with permission to ijublish. It presumably should be classed as type IH;. 
The description follows: “In an infant eleven months of age a cj'stic mass in the 
midline at the level of the upi^er sternum had been noted since birth, a small 
dimple was jiresent on the sldn, but no connection could be found between the 
dimple and the tumor below. The mass, on surgical exploration, was found to 
be a thin walled cyst 1.2 cm. in diameter connected to the dimple in the sldn b}' a 
fibrous cord. There was no connection nith any of the structures in the bed 
of the cyst. There is no cartilage present but the structure appears to be a 
respiratory tube.” So far as known these are the only cases of subcutaneous 
respiratoiy malformations e\'er to have been reported in nian. Several cases, 
however, of such anomalies have been described in animals (5). 

The question of origin of respiratoiy malformations, both as to the site and 
method of their dex^elopment, has long been a matter of uncertainty and difference 
of opinion. Our study has led to certain conclusions, some of wliich have already 
been published (14), and others of which may be mentioned here in brief form. 
Since abnormal respiratory structures vary so greatlj’^ in their anatomy and 
relations, they cannot well be considered collectively in aiy adequate theoiy ' ■ 
or explanation of origin. They must, apparentlj’', be broken down into at least 
the two general classes mentioned in this paper, that is, those wliich are con- ■ 
nected to some part of the respiratory sj^stem and those wliich are not connected 
to any part of this system. The embiyological origin of those anomalies xvhicli 
are connected to the respiratoiy system is, obxdously, from the anlage of that* 
system and probably from a variety of causes. We may omit further considera- 
tion of tliis group here and turn to the second group, those respiratory malforma- 
tions wliich are not connected to the respiratoiy system. The evidence of our 
2 cases and a detailed examination of the literature indicates that most of these 
anomalies arise from an evaluation of the earlj’’ embryonic gut wliich is inde- 
pendent of the respiratory anlage and of the laiyiigo-tracheal groove. Tliis 
seems to be true both for types IHi and IHs. The facts that the cystic type 



EESPIKATORY MALFORMATIONS 


61 


(IH 2 ) is most frequently incorporated in the wall of the esophagus (18) and may 
even occur in the subcutaneous tissue of the posterior body wall (4), or in that 
of the anterior body wall (32) and that some of the pedunculated anomalies 
(IHi) are distal expansions of a tubular evagination from the stomach (6) pr 
gut and possess an epithelium which is continuous vith that of the gut, are, 
more difficult to explain on any other basis. 

In amplification of this conclusion it may be said that many investigators 
have considered anomalous respiratory structures generally, including tjqies 
IHi and IH 2 , to be derived from some part of the respiratory anlage by Absch- 
nurung (constriction), for example (11, 13, 17, 20). Davies and Gunz (12) have, 
however, discarded this theory as being inadequate to explain anomalies of 
respiratory tissue belonging to type IHi, and with that conclusion the present 
author agrees. Other investigators, as a second theory of origin, have regarded 
many respiratory malformations, including type IHi as the result of a drawing 
away of certain cells from the respiratory anlage or from the borders of the 
laryngo-tracheal groove to an abnormal location during development. Davies 
and Gunz (12) use the word sequestered or outl 3 dng for the misplaced embryonic 
tissue involved in this process. The fundamental idea of this drawing away or 
sequestering of cells from an'organ anlage was previously suggested, not only 
for structural respiretory anomalies but, by implication, for those of any system 
by Zenker (35) and by Ribbert (15) and is implied in Ribbert’s title, Zur Kentniss 
der Tractions-Divertikel des Oesophagm. It has, moreover, been applied to the 
respiratory system by Cockayne and Gladstone (21) and others. Corner (37) 
has studied the region of the laryngo-tracheal groove in an embryo of 10 somites 
and Gruenwald (7b) comments on the rapid grovdh of the tissue of this region 
as compared vith that of the gut proper. This fact may be significant in con- 
sidering the possible validity of the traction band (sequestration) theoiy as an 
adequate explanation of the origin of respiratory malformations. Both of the 
above theories presuppose the origin of anomalous respiratory structures to be 
from embryonic tissue which is derived from the respiratory anlage in some 
mechanical manner, that is, from embryonic tissue which has already assumed 
8, respiratory nature at or adjacent to the site of the normal anlage of this 
system. 

On the other hand, the third possibility, which has been more or less clearly 
expressed by some authors mentioned below, but which is frequently not clearly 
differentiated from the traction band or sequestration theoiy above, seems to be 
most generally applicable in explaining the origin of those anomalies of respira- 
toiy tissue which are not connected to the respiratory sj’'stem (types IHi and 
IH 2 ). Tliis possibility, as mentioned above, is that many of these anomalies 
develop from an abnormal and supernumerary evagination of the early embryonic 
gut which is independent of the laryngo-tracheal groove region and of the 
respiratory anlage itself. The tissue of this evagination, therefore, would not 
be expected to possess any respiratorj’- potentialities under normal developmental 
processes (Jordan (14)). The explanation of this anomalous evagination may 
well be an improperly localized and imperfect histological differentiation in the 
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gut entoderm of the very young embrj-'o winch occurs even before the foimation 
of the respiratory anlage as a definite primordium. This is a stage which is 
earlier than those usually considered in attempting to explain respirator}" mal- 
formations. Such an hypothesis is not inconsistent with the ideas of Eppinger 
(36), Eoindllois and Delater (31), Bert and Fischer (34) and Eppinger and 
Schauenstein (19). Tliis hypothesis makes it unnecessary to attempt the 
difficult and doubtful explanation of retroperitoneal attachment following con- 
stiiction of a broncliial bud, of growth or migrations witliin the narrow limits of 
the posterior mediastinum and of other problematical spatial relationships, as 
well as of the at3"pical blood and neiwe supply which the constriction theory 
requires. Tliis independent evagination hypothesis, it should also be noted, 
seems to have the advantage over the traction-band or sequestration theory of 
explaining some of these anomalous stiiictures, particular!}" those in the body 
wall (4, 5, 32) and those attached to or included witliin the ivall of the alimentary 
tract (18, 19), better than any other theory of origin. It does not involve the 
necessity of e.xplaining difficult and theoretical mediastinal and other anatomical 
relations, and the translocation of embryonic respirator}" tissue necessitated by 
the traction-band theory. It is, moreover, not inconsistent with the pre- 
ponderantly left-sided occurrence of the anomalies of group IHj. Neither is it 
necessary with this theory to assume an arrested development of the anomalous 
tissue beyond the probable effect of one developing tissue upon tissues adjacent 
to it and beyond the possible effects of physiological gradients, Child (25), as is 
done by Davies and Gunz (12), because the fundamental concept in this third 
theory is that these anomalous structures arise from cells in the very early 
embryonic gut which are abnormal from the beginning, both in position and in 
possessing respiratory rather than digestive system potentialities, that is, that 
each of these malformations is a developmental anomaly w"hich starts from an 
atypical evagination of the gut entoderm in the very young embryo and that 
this evagination possesses witliin its component cells the determinants for the 
ultimate size as well as for the degree and type of abnormal pseudo-respiratory 
differentiation which the resultant anomaly attains. The study of a considerable 
number of anomalies of types IHi and IHo has led to the conclusion that, in gen- 
eral, they reach the limit of their grow"th in size and of their histological differen- 
tiation into pseudo-respiratory tissue of one type or another either prenatally 
or early in postnatal life and that they do not change materially from this condi- 
tion in later life. In this connection it is interesting to note that Needham (38) 
believes the factor for histological differentiation to be relatively independent 
of that for growth, that is, that growth and differentiation occur independently 
of each other. An essentially similar conclusion has been reached as a result of 
the study of the 2 new cases described in this paper. Numerous cases are 
reported where these malformations, having essentially the same structure as 
that described for those which are found at autopsy in infants and children, have 
been found at autopsy in middle-aged or elderly people, for example. Stilling 
(22), in a man 45 years old; Springer (23), in a 49 year old woman; Robsmann 
(24), in a 56 year old man. 
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The detailed considerations ivliicli have led to the above conclusions as to the 
origin and morphological historj' of these anomalies arc too lengthy for tliis 
report, but it is planned to present them at a later- date. It should, however, 
be emphasized here that there is no intention of minimizing the importance of 
the lar 3 mgo-tracheal groove region of the cmbiyo, nor indeed, of flatly denying 
the possibilitj' of origin of some of these anomalous respiratoiy structures from 
that region. It will even be suggested in the subsequent article that the same 
type of anomalj’ may arise b}' different methods and from different sites in occa- 
sional instances. Tliis principle may applj”- to the tj^pes of anomalies (IHi 
and IH:) wliich we are now considering. 

On the question of origin of these anomalies it may, therefore, be said in sum- 
mary : First, that there seems to be some agreement at present (12) on the inade- 
quacy' of the constriction theory to explain the origin of all anomalous respiratory 
structures, particularly' the majority' of types IHi and IHo. Second, that the 
* traction-band or sequestration theory (12, 15, 35) may', possibly', explain some 
of these anomalies although it necessitates a difficult and somewhat doubtful 
explanation of the translocation of cells of the respiratory' anlage to abnormal 
positions on the basis of differential or abnormal growth, mechanical factors and 
spatial relationships. ,(Both of the two above theories are identical, it should 
be noted, in that they' presuppose the origin of the anomalous tissue to be from 
cells which are respiratory from the beginning, that is, from cells of the respira- 
tory' anlage or of its immediate em'irons. The difference between these two 
theories, then, is largely the concept of the age of the embryo at which the 
anlage of the anomaly starts to develop and, therefore, of the mechanical means 
by' wliich the definitive anomalous structure is formed.) Third, that the theory 
of independent evagination of the anlage of the anomaly from the veiy early 
embry'onic gut, because of faulty differentiation of this gut into respiratoiy 
instead of into gut tissue at the site of the evagination, seems to be the most 
likely explanation for the origin of the majority of the anomalies of types IHi 
and IHo. This seems to be true for most of those anomalous lobes which are 
pedunculated to nonrespiratory organs or structures (figures 1 to 4), those Rimilar 
ones which remain attached by a pedicle to the gut (19), as well as for the more 
or less cystic types (IHo) which develop and remain -within the wall of the gut or 
protrude somewhat therefrom, for example, esophageal cysts (18) and, also, 
probably for “respiratoiy” cysts lodged in the body wall (4, 32), and particularly 
when these are in the lower trunk region (5). Fourth, that these anomalous 
structures are developmental abnormalities both grossly and microscopically, 
and not true neoplasms as has often been implied. 

According to recent studies of autopsy material (7a), structural abnormalities 
of the respiratory system and of respiratory tissue of one type or another occur 
in about one out of every himdred cases. On the other hand, anomalous lobes 
at or near the base of the lungs, irrespective of their connection to the lung, that 
is, the inclusive and nonspecific group called “inferior accessory lobes,” are 
thought to occur much more frequently as judged by a study of X-ray plates 
(11). In this survey (11) such anomalous lobes are reported to occur in about 



64 


HO\Ti:Y JOnPAN 


46 per cent of the persons examined, that is, one such anomaly was formed in 
each 2.2 eases, ai)proximatc]y. Tiiis is an unusually high percentage, so liigh 
in fact, when compared with autopsy findings (7a), that it appears necessary 
to discount the figures somewhat. This discrepancy may be due to the diffi- 
culty of reading X-ray plates and to indi\idual difTerences in interpretation. 
Griiberger (8b) has considered the diagnostic significance and interpretation of 
basal paramedian shadows which, in general, are caused by these “inferior ac- 
cessorj' lobes.” Soper (Sa) has studied the azygos Jobe as revealed by X-ray 
plates and reports tliat slightly less than 1 per cent of 1,600 men showed an 
X-ray shadow of tliis lobe. Tliis, of course, is a shadow near the apex of the 
lung, as contrasted with the basal shadow' cast by the so-called “inferior ac- 
ccssoiy lobes.” The figures of percentage occurrence of structural respirator}' 
anomalies given b}' Gi-uenw'ald (7a) and b}' Soper {8a) arc verj' similar, indicat- 
ing, saj', a possible occurrence of respirator}' malformations in about 1 to 2 per 
cent of the population. Tliis tentative figure is believed to be a fairly good 
norm, as compared with the liighcr figure of Schaffner (11). It ma}', of course, 
be that the frequency of occurrence of these anomalies varies somewhat with 
different families, races and localities. It is, moreover, ob\iously impossible * 
to set an exact and entirol}' accurate figure. 

tMiile an explanation of the origin in some instances and of the frequency of 
occurrence of respiratory malformations is somewhat problematical and theoreti- 
cal, their clinical significance is a matter wiiich is eminently practical and one 
w’hich merits careful attention; not because these anomalies are, per se, fikely 
to be the site or cause of disease in disproportionately large numbers, but because 
it is important, so far as possible, to recognize them as anomalous structures of 
developmental oripn, certain types of wdiich may become diseased and particu- 
larly to differentiate them from other definite clinical syndromes. 

This study has led to certain conclusions as to the clinical sigm’ficance of these 
atypical respiratory structures some of w'hich may be briefl}' summarized here: 
Practically no case of disease in an anomal}' of type IHi (anomalous lobes of 
respiratory tissue pedunculated to a nonrespiratory organ or stnicture) was 
found which W'as diseased independently of the rest of the body. In fact, very 
few cases of disease in these rare anomalies have been reported. Humphrey 
(28) describes a tuberculous process in the centre of an anomaly of this tj^pe 
in a patient who died of tuberculous meningitis and RouAulIois and Delater (31) 
report tuberculosis in a similar anomalous lobe. Darier (29) mentions a “diph- 
theritic bronchopneumonia” in the case reported by Hugenin and Sorel (30) 
and concludes that this disease must have been blood-bome because there w'as 
no connection betw'een the tracheobroncHal ti’ce and the alveoli of the anomaly. 
Hugenin and Sorel’s title indicates that disease of the anomalous lobe caused 
death, which seems doubtful. The blood-stream is the only apparent route 
by W'hich toxins, bacteria or viruses can reach anomalies of this kind and any 
pathogenic substances must therefore, as Darier concludes, reach them in that 
waj'. In one case only did an anomalous lobe of type IHi cause clinical signs 
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and symptoms which led to its diagnosis by X-ray (Rouvillois and Delater (31)). 
These authors say that in this case the anomaly simulated a tumor of the medi- 
astinum. This anomalous lobe was subsequently removed by surgery. Most 
anomalous lobes of this particular type (IHi), then, do not become diseased, 
give no signs and symptoms and are usually found at autopsy, often in people 
who have had a long life span. 

Respiratory mahormations of type IH*, (anomalous respiratory tissue which 
is more or less cystic in nature and incorporated in the wall of nonrespiratory 
organs or structures, or which protrudes from them in a pseudo-pedunculated 
manner resembling or grading into type IHi above), constitute, like IHi, but a 
very small percentage of respiratory anomalies in toto, and, like those of IHi, 
they are not of major clinical significance. They would be included by some 
investigators, as might also be some of the IHi types above, in the general 
and nonspecific group called “bronchogenic or respiratory cysts.” 

True bronchogenic cysts, however, which develop from and retain a more or 
less complete connection to some part of the respiratory system, do have consid- 
erable chnical significance (26) in contradistinction to the type IH 2 anomalies. 
Many of these true bronchogenic or pulmonary cysts not only become diseased, 
as might be expected because of their connection to the tracheobronchial tree, 
but have been diagnosed by X-ray and treated surgically or otherwise (Brown 
and Robbins (26), Tj^son (39)). 

It is particularly interesting to note that none of the anomalous respiratory 
structures comprising groups IHi and IH 2 , above, showed any indication of 
malignancy. This fact may have some theoretical bearing on the question of 
cancer. In one of our cases, and in several cases described in the literature, 
there were connective tissue abnormalities corresponding to similar ones in other 
parts of the body, but these were not of a malignant nature. 

Anomalous accessory lung lobes, including “inferior accessory lobes” 
and other types, which are merely pedunculated to the limg without any func- 
tional (bronchial) connection are apparently no more subject to disease than is 
the normal lung tissue. Epplen and Jacobson (10) have, however, described a 
small nonfunctional anomalous lobe, which was pedunculated to the upper left 
lobe in an old man with hydrothorax, in which the pedicle became twisted. As 
a result, the blood supply of this lobe was partially shut off and a more or less 
gangrenous condition resulted. 

There are, however, as would be expected, many examples of disease in the 
functional accessory lobes, including “inferior accessory” and azygos types. 
Soper (8a) has described pneumonia in the azygos lobe and MackmuU (16) 
discusses physical signs resembling those of pulmonary tuberculosis which 
resulted from the addition of this azygos lobe and an anomalous az 3 ’-gos vein 
“to the right thoracic apex.” Disease in these lobes is probably explained by 
their connection to the bronchial tree and by their pulmonary and bronchial 
blood supply. 

Recently bronchoscopic lipiodol roentgenograms of the tracheobronchial tree 
have been made use of to diagnose cases of agenesis of a lung (3). 
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The thorax and the mediastinum in particular, is a region where anatomical 
relations are a bit difficult to understand, particular^ from the developmental 
point of \de\v, and where diagnosis is sometimes difficult. It should be noted 
that many authors mention tumors, in this case true neoplasms and not respira- 
tory malformations, of the thorax and mediastinum; for example, Imber ( 27 ) 
describes a tumor of thesuperior pulmonary sulcus, Kent et al. ( 33 ) discuss intra- 
thoracic neurogenic tumors and Blades and Dugan ( 9 ) have described tubercu- 
loma of the posterior mediastinum. Zingg ( 40 ) has described 229 mediastinal 
dermoids. It is interesting to recall, in this connection, that Eouvillois and 
Delater ( 31 ) said that their anomalous lobe of tj^je IHi with a tuberculous 
process simulated a tximor of the posterior mediastinum. 

In other words, the differential diagnosis between anomalous respiratory 
structures, whether diseased or otherwise, from the true neoplasms and other 
clinical conditions is a matter of considerable importance and one wliich may 
involve anomalies of type IHi, IHs, as well as supernumerary lung lobes which 
are functional or wliich have no connection to the bronchial tree and true respira- 
tory cysts. Respiratory malformations do not occur in any great percentage of 
persons and a relativelj'’ small proportion of those anomalies winch do occur 
ever become diseased. Most of these malformations do not interfere with nor- 
mal phj^siological processes unless thej'- are so axtensive, or are so associated with 
other structural anomalies, as to cause some lital deficienc3% They do, how'ever, 
often cast X-ray shadow's w'hich need careful interpretation and thej’- maj'- alter 
the ph5'sical findings in certain cases. The tjTJes of structural respiratorj' anom- 
aly wiiich seem most often to become diseased are those bronchogenic or respira- 
tory C3'sts which are connected to the tracheobronchial tree and functional 
anomalous or named accessoo' lobes of the lung wiiich likewise are connected to 
this tree. MackmuII ( 16 )' quotes a statement of Professor Schaeffer's W'hich is 
repeated here because it is particularly significant in the consideration and inter- 
pretation of the structural respiratory anomalies w’hich w’e have been consider- 
ing, as w’ell as of those of an3’’ other system. It w'ould seem to be applicable to 
routine ^examination and diagnosis: “The adherence to a single, fixed and ar- 
bitrary normal is fraught with danger, since with variations come altered size, 
shape, altered anatomical relations. Morphological variations must necessarily 
have an important bearing on ph3'Eical diagnosis, patholog3’’, clinical medicine 
and surger3'.”^ 

Perhaps the cliief clinical rignificance of these respirator' anomalies, then, is 
the fact that, w'hile they are present in relatively few' individuals, there is alwa3's 
the possibiliti' of one 13710 or another of them being present in an3' gii'en case, 
particularly where thoracic diagnosis is doubtful or obscure. In any differential 
diagnosis of such cases a knowledge of the specific types of respirator3'' malforma- 
tions both as to their location, relations, structure, and relati%'e frequenc3’’ of 

• From the L,>iboratorics of the Daniel Baugh Institute of Anatomy, Jefferson Medical 
College, Philadelphia, Pennsylvania. 
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occurrence as well as to their likelihood of becoming diseased, of casting X-ray- 
shadows and of altering the phj'sical signs, would seem to be of considerable 
importance for a correct interpretation. 

SUMMARY AND CONCLUSIONS 

1. Respiratoiy malformations (structural anomalies of the respiratoiy system 
or of respirator}’- tissue) occur in about 1 to 2 per cent of persons. Ab- 
normalities of lobes and fissures are most frequent. Agenesis of a lung, anoma- 
lous respiratoiy tissue pedunculated to a nonrespirator}’- stmeture (IHi) and 
cysts of respiratoiy tissue uitliin the wall of a nonrespirator}’- organ or structure 
(IHs) are the types which occur least frequently. 

2. In e-vplaining the embiy’-ological origin of anomalous respiratory structures 
it is necessar}’- to consider their morphological classification. Malformations of 
the respirator}' system itself are explained by abnormal development of the 
respiratory anlage. Malformations of types IH5 and IH2 are best explained in 
most cases by assuming their development to be not from the respiratory anlage 
or its eniarons, but from an independent evagination of the very early embiy'-onic 
gut due to faulty histological differentiation. 

3. These malformations do not become diseased more frequently than do other 
somatic tissues and manifest no particular tendency toward malignancy. 
Functional accessor}' lobes and respiratory cysts connected to the tracheo- 
bronchial tree become diseased most frequently, types IHi and IH2 and non- 
functional lobes least frequently. 

4. Each anomaly of type IHi and IH2 possesses indi-ddual potentialities for 
growth and differentiation into pseudo-respirator}' tissue which are attained 
either prenatally or early in postnatal life. These anomalies are not true neo- 
plasms, but developmental abnormalities A\ith the above characteristics. 

5. It is important, particularly in thoracic diagnosis, to realize that a respira- 
toiy anomaly may be present in any case, that it may alter physical findings 
and X-ray shadows, and to differentiate these anomalies from other clinical 
conditions of the thorax and mediastinum. In this diagnosis a knowledge of the 
various morphological types of respiratory anomalies, of their frequency and 
site of occurrence and of their tendency to become diseased is of basic importance. 

SUMARIO Y CONCLUSIONES 

1. Aparentemente en 1 a 2% de las personas existen -vicios de formacidn 
del aparato respiratorio (anomalias histologicas del aparato mismo o de los 
tejidos). Los mas frecuentes son anomalias de los ]6bulos y grietas, siendo 
los menos frecuentes la agenesia de un pulm6ii, tejido respiratorio pediculado a 
un tejido no respiratorio (IHi) y quistes de tejido respiratorio dentro de la pared 
de un 6rgano 0 tejido no respiratorio (IH2). 

2. A1 e.\'plicar la embriogenia de los tejidos respiratorios an6malos hay que 
considerar su clasificacidn morfologica. Los -vicios de formaci6n del aparato 
mismo son explicados por el desarrollo anormal del anlaje respiratorio. Los 
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■vicios de formacidn de los tipos IHj y IH. se explican mejor en la mayorla de 
los casos, dando por sentado que se desarrollan, no del anlaje respiratorio o de 
las cercanlas de (5ste sino de una evaginacidn independiente del mesogastrio 
embrionario muy temprano debido a defectuosa diferenciacidn bistoldgica. 

3. Esos Aocios de fonnaci6n no se enferman mas frecuentemente que los otros 
tejidos somdticos y no manifiestan tendencia cancerosa. Los lobulos accesorios 
funcionales y los quistes respiratorios unidos al drbol trdqueobronquial son los 
que se enferman mas frecuentemente y los tipos IHi y IH 2 menos frecuentemente. 

4. Cada anomalla de los tipos IHi y IH 2 posee sus propias potenci alidades de 
desarroUo y de diferenciacidn en tejido seudo-respiratorio, que aleanza bien en 
la 4poca prenatal 0 tempranamente en la postnatal. Esas anomalias no son 
verdaderas neoplasias sino ^icios del desarroUo dotados de las caracterlsticas 
mencionadas. 

5. Es importante, en particular en el diagndstico tordcico, comprender que 
en cualquier caso pueden existir anomalias del aparato respiratorio, que pueden 
alterar los haUazgos fisicos y las sombras roentgenol6gicas y diferencian esas 
anomalias de otros estados clinicos del torax y mediastino. En esta clase de 
diagn6stico reviste importancia primordial el conocimiento de los varies tipos 
morfol6gicos de las anomalias del aparato respiratorio, de su frecuencia y locali- 
zaci6n y su tendencia a volverse patol6^cas. 
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THE EFFECT OF PURIFIED FRACTIONS OF TUBERCULIN ON 
TUBERCULIN-SENSITIVE TISSUE 
Quantitative Studies on Tissue Cultures 
DOROTHY II. IIEILMAX* and FLORENCE B. SEIBERT=. ’ 

Tissue culture studic.s have sho\ni that Old Tuberculin has a selective to.xic 
action on cells from tuberculous animals (1 to 6). In recent years several frac- 
tions have been isolated from Old Tuberculin in highlj' purified form. Among 
these are purified protein derivative (PPD), tuberculin polysaccharide, and tuber- 
culin nucleic acid, the three chief colloidal constituents of tuberculin. The 
preparation of PPD has been described by Glenn and one of us (Seibert) (7) 
and the biological and idiysicochemical properties of the tuberculin protein, 
nucleic acid and polysaccharide molecules have been described bj' Pedersen, 
Tisclius and one of us (Seibert. (S)). It was found that purified protein deriva- 
tive fractions were generally verj' active in producing the typical tuberculin 
reaction in sensitized animals, whereas purified polysaccharide of tuberculin did 
not cause skin reactions in tuberculous gumea pigs and was not toxic when in- 
jected intraperitoncally into either noimal or tuberculous guinea pigs, McCarter 
and Watson (9) showed that, when positive reactions occurred in sensiti^'e human 
subjects after the intracutaneous injection of large amounts of tuberculin poly- 
saccharide, the reactions observed could be accounted for by the concentration 
of tuberculin protein in-csent in the preparation. Sabin, Jojmer and Smith- 
burn (10) also pointed out the lack of to.xicity for tuberculous guinea pigs of puri- 
fied polysaccharide prepared by Dr. R. J. Anderson from tubercle bacilli. Tuber- 
culin nucleic acid does not appear to cause a reaction in tuberculous animals, 
after either intraperitoncal or intracutaneous injection. The isolation of tuber- 
culin nucleic acid by partial chemical separation and electrophoresis has been 
described by Watson and one of us (Seibert (11)). Studies on the chemical 
and biological characteristics of the three constituents of tuberculin under inves- 
tigation in this study have been reviewed recontl 3 ' bj’^ one of the authors (Sei- 
bert (12)). 

Bj" the use of quantitative tissue culture methods it is possible to observe the 
relative toxicity of derivatives of the tubercle bacillus or its products for cells 
of normal and tuberculous animals. A convenient method for this purpose is one 
similar to the method desciibed bj"^ Moen and Swift (4), in which measurements 
are made of the migration of wandering cells and the growth of fibroblasts from 
splenic explants of normal and tuberculous rabbits in plasma clot preparations. 

EXPEUTJIENTAL JIETHODS 

The purified fractions of the tuberculin used in this studj'^ were prepared by 
one of us (Seibert). 

* Division of Clinical Pathology, Mayo Clinic, Rochester, Minnesota. 

“ The Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsylvania. 

’ Aided by a grant from the Committee on Medical Research of the National Tubercu- 
losis Association. 
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the bacj^^lary gMowth wa.s removed by filtration fimt ti.rougl, a paper and tlien a Seitz 
iltci . 1 he filtrate was concentrated and wa.shed with phosjihate butrer by nltrafiltration 
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The resulting product contained 4.4 per cent of nucleic acid and 5.5 per cent of poly- 
saccharide. A 1.27 per cent solution of the dried PPD in phosphate buffer was made 
with sterile distilled water and kept in the icebox. Suitable dilutions of the stock solu- 
tion were made in TjTode’s solution just before use. The concentrated stock solutions 
were used for as long a period ns six months. This preparation, when studied by means 
of the Tiselius electrophoresis apparatus, showed (figure 1) the presence of the two types 
(A and B) tuberculin protein found in all tuberculins so far studied and discussed in a 
recent publication (12). 

A limited number of tests was done with another purified preparation of PPD (PPD 
49609). This was preijared from an eight weeks old growth on Dorset’s synthetic medium 
of the human strain DT of Mycobadcrium tuberculosis obtained from the Bureau of Animal 
Industrj' of the United States Department of Agriculture. Since this product was the 
pilot preparation for tlie standard purified protein derivative, the fractionation was exactly 
as described pre\'iously (7) . The electrophoretic diagram is also given in that paper. As 
noted, the content of nucleic acid was 1.7 per cent and that of polysaccharide was onl}’’ 
2.9 per cent. 

A solution of dried PPD49G09 containing 0.1 per cent of PPD was made ndth sterile 
distilled water and kept in the icebox. Suitable dilutions of the stock solution were 
made in Tyrode’s solution just before use. 

For comparison a few tests were done ndth PPD manufactured for intracutaneous 
testing by the Mulford Laboratories of Sharp and Dohme. Tablets containing 0.05 mg. 
of PPD and i grain (0.016 g.) of beta-lactose were dissolved in TjTode’s solution and 
added to the tissue culture medium in the desired amount. The earlier preparations of 
PPD, made by trichloracetic acid precipitation, of which this was one, frequently con- 
tained as much as 17 to 25 per cent of polysaccharide and nucleic acid. The method of 
its preparation has been described by Reichel and Clark (13). 

The purified polysaccharide (no. 70) made from the human strain DT was isolated 
from a trichloracetic acid filtrate of tuberculin by the chemical procedure described by 
Renfrew (14) and modified by Masucci, McAlpine and Glenn (15). The solution was 
neutralized with sodium hydroxide, concentrated in vacuo at 50°C. and precipitated with 
neutral lead acetate. The precipitate was removed by centrifugation and discarded. 
The supernatant was concentrated in vacuo and precipitated vith basic lead acetate and 
concentrated ammonia until no more precipitate formed. The precipitate was dissolved 
in dilute acetic acid and reprecipitated three more times in the same way. Finally it was 
dissolved in dilute acetic acid and precipitated with an equal volume of methyl alcohol. 
The precipitate was discarded and the supernatant was again precipitated by basic lead 
acetate and ammonia. The precipitate, after being dissolved in dilute acetic acid, was 
treated with hydrogen sulfide. The precipitate was removed and the supernatant dropped 
into absolute ethyl alcohol. The white precipitate was dissolved in the smallest amount 
possible of water, dropped into glacial acetic acid, redissolved in the water, treated with- 
aluminum oxide, centrifuged and again precipitated by dropping into glacial acetic acid 
and then into absolute alcohol. The white precipitate was dried by repeated washing 
with absolute alcohol and then acetone. The nitrogen content of this preparation was 
0.43 per cent, probably indicating a protein content of about 2.6 per cent. The electro- 
phoretic diagram is shown in figure 2. A stock solution contaimng 0.2 per cent poly- 
saccharide was made with sterile Tyrode’s solution and further dilutions were made in 
Tyrode’s solution just before use. 

The sample of tubercuhn nucleic acid (S5-1A) used in this study was prepared from the 
DT human strain of tubercle bacillus by one of us (Seibert) by a method that has been 



74 


BonoTiiy n. heilman and feohence b, seibebt 


described (11), This fraction was isolated by electrophoresis in the top anode cell and 
the final solution contained S.4 mg. nucleic acid and 0.325 mg. protein per cubic centimeter. 
The electrophoretic diagram of this nucleic acid preparation is shoivn in the paper men- 
tioned pre^'iously. A solution of the material in phosphate bufTcr was frozen and dried 
by the cryochem process. Sterile water was added to the dried material to obtain a 0.4 
per cent .solution of nucleic acid. Bccau.se the solution was not bacteriologically sterile, 
one portion was heated in a water bath at 70° C. for thirty minutes on two successive days. 
This portion was used in the first three c.vpcrimcnts. Another portion was sterilized by 
passage through a Seitz filter and was employed in e.vj5eriments 4 to 9 inclusive. Both 
lots proved to be sterile when subculturcd on bacteriological media. 

Tissue mUiirc methods: The tissue culture technique employed in this stud}' and the 
method of inducing e.\’i)crimcntal tuberculosis in rabbits have been prc\’iously described 
in detail (C). A mild tuberculous infection was produced in rabbits by the intravenous 
injection of a culture of Mycohadcrium tuberadosis of the human t}T5C. Tuberculous 
rabbits were shown to have a positive reaction to the intracutaneous inoculation of 1 mg. 
of Old Tuberculin within two weeks of the time they were used for tissue culture studies. 

Blood used in the preparation of tissue culture medium was obtained from normal 
rabbits e.xclusively. E-xplants of the spleen of a normal rabbit and of that of a tuberculous 
rabbit were cultured on the same day in medium containing the test substance (PPD, 
pol}'saccharide or nucleic acid) as well as in normal medium. Cultures were placed in 
D5 Carrel flasks and consisted of 0.5 cc. of rabbit’s plasma, 1.0 cc. of a rabbit’s serum 
c.xtract of chick embr}’os and four c-vplants of spleen placed in the medium before clotting 
occurred. Three flasks, or a total of twelve fragments, were used for each axperimental 
condition. 

Dilutions of the substance to be tested were made in T}'rodc’s solution and were added 
to the serum-chick-embr}'o axtract before the cultures were made in an amount equal to a 
twentieth of the volume of the final tissue culture clot. Several different concentrations 
of PPD63 were employed in order to obsen'e the effect of vaodng amounts of tliis sub- 
stance on the relative inhibition of tuberculin-sensitive cells. From one to four different 
concentrations of PPD63 were tested on the same day. Two tests were done with each 
of two different concentrations of PPD manufactured for intracutaneous testing; however, 
higher concentrations than these were not used because of the relatively large amount of 
beta-lactose present. One test was done with each of four different concentrations of 
PPD49609. 

Not more than two different concentrations of tuberculin polysaccharide or nucleic acid 
were tested in an e.vperiment. However, a series of normal and test cultures containing 
Old Tuberculin was included in each of these e.vperiments to ascertain the tuberculin 
sensitivity of the test cultures. The sample of tuberculin used was presenrative-free 
mammalian tuberculin of Old Tuberculin strength obtained from the Bureau of Animal 
Industry of the United States Department of Agriculture. Tliis lot was designated as 
sample B in a pre^dous report (6) and was used in a concentration of 1 : 1,000. 

. Cultures were incubated at 37° C. and were obser\'’ed microscopically each day. Meas- 
urements of the extent of migration of small wandering cells were made at twenty-four 
hours of incubation and of large wandering cells at ninety-six hours according to a method 
described previously (6). The growth of fibroblasts was measured on the fifth or si.xth 
day and the average radius of the zone of fibroblastic growth was determined for eacli 
series of cultures in a manner already described. The e.xtent to which migration or growth 
of cells from e.xplants from tuberculous animals occurred in medium containing tuberculin 
or one of its derivatives was compared with the axtent of migration of normal cells in the 
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same medium. , The results were expressed in terms of a comparative cytotoxic index, 
which was determined by the following formula: 


Comparative cytotoxic index = 


Av. migration (N) 

Av. migration (N -J- test substance) 


X 


Av. migration (S + test substance) 
Av- migration (S) 


in wliich N = cells from normal tissue and S = cells from tuberculin-sensitive tissue. A 
value less than one indicates that cells from the tuberculous animal are more sensitive 
to the test substance than normal cells, whereas a value greater than one shows that they 
are less sensitive than normal cells. 


RESULTS 

The appearance of cultures of rabbit’s spleen at various times during the period 
of observation has been described in detail (6). In a series of experiments with 
normal tissue the variation in migration of small wandering cells did not exceed 
10 per cent w^hen two groups of cultures in the same experiment were compared. 
The maximal valuation observed for macrophages was 8 per cent and the varia- 
tion of fibroblastic cultures was at times as high as 20 per cent (6). 

The comparative cytotoxic indices expressing the relative effect of different 
concentrations of PPD on migration of macrophages from splenic explants from 
noimal and tuberculous rabbits are presented in chart 1. In all instances PPD 
in varying concentrations had a specific toxic action on cultures of explants from 
tuberculous rabbits. Small wmndermg cells and fibroblasts resembled macro- 
phages in the extent to wliich they were inhibited by different concentrations 
of PPD. Normal macrophages were not inliibited by PPD except in cultures 
containing 30 micrograms per cubic centimeter or more. The migration of 
normal macrophages was decreased 20 per cent by 30 micrograms per cubic 
centimeter and 26 per cent b}'- 60 micrograms per cubic centimeter. Although 
there was a rather large degree of variation of the relative inhibition caused by 
the same concentration of PPD in different experiments, a broad quantitative 
relation existed betu^een the degree of inliibition of migration of sensitive cells 
and the concentration of PPD emploj^ed. PPD63 and PPD49G09 were some- 
Avhat more active than commercial PPD. On microscopic examination the 
changes produced by PPD were similar to those observed in the other study, 
in which the changes were due to the action of Old Tuberculin (6). 

Tuberculin polj'^saccharide was equallj'’ toxic for normal and tuberculin-sensi- 
tive cells. The average values obtained for the migration of macrophages in 
each series of cultures in this gi'oup of experiments are presented in table 1 and 
the comparative cj^iotoxic indices calculated from these values are presented in 
table 2. In one instance (experiment 4) the comparative C 3 ’'totoxic hidex ob- 
tained for the tuberculin polj'saccharide appeared to be low enough to indicate 
a specific to.xic action for the test series of cultures. However, the results of 
other experiments in this group indicate that tliis preparation of poh-saccharide 
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CnAHT 1. Relation of concentration of purified protein derivative of tuberculin (PPD) 
to specific cytotoxic action on macrophages from tuberculous rabbits. 


TABLE 1 


Effect of Old Tuberculin and of (ubcrculin polysaccharide on migration of macrophages from 
spleen of normal and tuberculous rabbits. Values given arc average radius 

of migration cone at ninety-six hours in ocular micrometer units 


EXPERUCENT 

j 

NOHUAL MEDIUM | 

MEDIini MTTD OLD 
TUBERCDUN 

POLYSACOTA* 
EIDE, MICEO- : 
CRAMS PER 
CUDtC 

CENTIMETER 1 

1 

MEDIUM WITH POXYSAC- 
ciueide 

Normal 

1 cxplants 

Test 

cxplants 

Normal 

cxplants 

Test i 

cxplants { 

Nonnol 

eiplants 

Test 

cjpiants 

1 

' 242 

325 

193 
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12.5 

226 

313 
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359 

374 

327 

151 
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347 

332 
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326 
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was equally toxic for normal and test cultures. It was only moderately toxic 
for either gi'oup of cultures in concentrations of 12.5 and 25 micrograms per cubic 
centimeter. A test was done vdth 100 micrograms per cubic centimeter in the 
medium. The migration of normal macrophages was decreased 36 per cent and" 
the migration of tuberculin-sensitive cells was decreased 48 per cent. The migra- 
tion of leucocytes ivas affected to the same extent as that of the large wandering 
cells. The relative effect of Old Tuberculin and of tuberculin polj’-saccharide on 
the grovdh of fibroblasts is presented in table 3. The results indicated that the 

TABLE 2 


Comparative cytotoxic effect of Old Tuberculin and of tuberculin polysaccharide on migration 
of macrophages from explants of spleen of normal and tuberculous rabbits. 
Comparative cytotoxic index 


EXPERIMENT 

OLD TDBERCOLIN, 1:1,000 

i TDBERCirUN POLYSACCHARIDE 

L 

12.5 micrograms per cubic 
centimeter 

25 micrograms per cubic 
centimeter 

1 

0.40 

1.03 

0.98 

2 

0.44 


0.92 

3 

0.33 

0.93 

1.02 

4 

0.50 


0.86 

5 

0.32 

0.93 

1.04 


TABLE 3 

Comparative cytotoxic effect of Old Tuberculin and of tuberculin polysaccharide on growth of 
fibroblasts from explants of spleen of normal and tuberculous 
rabbits. Comparative cytotoxic index 


EXPERIMENT 

OLD TDBERCDLIN, 1:1,000 

TUBERCULIN POLYSACCHARIDE 

12.5 micrograms per cubic 
centimeter 

25 micrograms per cubic 
centimeter 

1 

0.67 

0.98 

1.02 

2 

0.62 


0.93 

3 

0.50 

1.19 

1.18 

4 

0.31 


0.86 

6 

0.42 

0.87 

0.98 


growth of fibroblasts in the presence of polysaccharide was as good as in control 
cultures and that growth was not significantly diminished by polysaccharide in 
either group, as it was in the case of the large wandering cells. 

Relatively large amounts of tuberculin nucleic acid could be added to tissue 
cultures without injuring either normal or tuberculin-sensitive cells. The high- 
est concentration of nucleic acid (400 micrograms per cubic centimeter) caused 
a slight but significant decrease in migration of macrophages from both normal 
and tuberculin-sensitive tissues but the growth of fibroblasts was not decreased. 
Concentrations of 200 micrograms per cubic centimeter or less usualty did not 
cause a significant variation in growth but there was a well-marked increase in 
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the extent of growtli in a few instances in cultures containing 50 to 200 micro- 
grams of nucleic acid. This stimulation was observed both in normal and in 
test cultures. 


TABLE 4 


Comparative cytotoxic effect of Old Tuberculin and of tuberculin nucleic acid on the ttecnly-four 
hour migration of leucocytes from cxplants of spleen of normal and 
tuberculous rabbits. Comparative cytotoxic index 


EXTEEmCNT 

OLD TUnnRCULlN', 
1:1,000 

TiniLRCn.TN NTOXIC AOD 

200 mkroprams per 
cubic centimeter 

100 microprami per 
cubic centimeter 

50 microprams per 
cubic ccDlimeter 

3 





4 





G 



l.OG 


7 i 


1.01 


1.11 

s 




1.15 

9 

O.GO 


1.19 

1.07 


TABLE 5 


Comparative cytotoxic effect of Old Tuberculin arid of tuberculin nucleic acid on the 
migration of macrophages from cxplants of spleen of normal and tuberculous rabbits. 

Comparative cytotoxic index 


EXTERUCEKr | 

1 

OLD TDCERCUUN 
1:1,000 

1 

TUBERCULIN NUCLEIC ACID 

400 microgT.mis 
per cubic centi- 
meter 

200 micrograms 
per cubic centi- 
meter 

JOO micro grams 
per cubic centi- 
meter 

50 micrograms 
per cubic centi- 
meter 

1 

0.G4 

■191 

0.99 



2 

0.51 


0.94 



3 

0.C9 


1.03 



4 

0.7G 


1.10 



5 

0.37 

1.06 

1.11 



6 

0.57 


1.00 

1.01 


7 

0.40 


1.01 



8 

0.29 



1.10 


9 1 

0.38 

I 

• 

0.93 

UBM 


Tuberculin nucleic acid did not have a specific cytotoxic action on an}’’ of the 
cell tiTses observed in splenic cultures. The relative migration of small wander- 
ing cells from tuberculin-sensitive tissue in the presence of nucleic acid was 
somewhat greater in every instance than that of small cells from normal tissue 
(table 4). However, the differences were slight and vathin normal limits of 
variation. Measurements of migration of small wandeiang cells were not made 
in the first, second and fifth experiments. Cells found in the migration zone at 
twenty-four hours of incubation are largely’’ granTilocy’tes and lymaphocytes. 
Granulocydes usually predominate, especially at the periphery of the migration 
zone. Results obtained -nath large wandering cells (table 5) and fibroblasts 
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(table 6) indicated that the effect of tuberculin nucleic acid on tuberculin- 
sensitive tissue was not significantlj’’ different from its effect on normal tissue. 
In a few experiments the fibroblastic grow'th pulled away from the clot and 
measurements could not be made. 


TABLE 6 


Comparative cytotoxic effect of Old Tuberculin and of tuberculin nucleic acid on the groicth of 
fibroblasts in cultures of spleen of tuberculous and normal rabbits. Comparative 

cytotoxic index 


EXTERUTENT 

OLD TUBERCULIN 
1:1,000 

TUBERCULIN NUCLEIC AOD 

400 micrograms 
per cubic centi- 
meter 

200 microfrrams 
per cubic centi- 
meter 

too micrograms 
per cubic centi- 
meter 

so micrograms 
per cubic centi- 
meter 

1 


1.25 

1.27 



2 


0.95 

1.03 



4 

0.G4 


1.03 



C 

0.37 


1.14 

1.07 


8 

O.&l 




l.OS 

9 

0.51 



0.91 

o.so 


COMMENT 

The biological importance of the protein derivative of tuberculin in demon- 
strating tuberculin sensitivity of animals and the lack of specificity of the purified 
polysaccharide and nucleic acid fractions arc reflected in the bchaNnor of these 
substances in tissue culture. Tlio toxic action of PPD for tubcrculin-.«ensitive 
tiasue was roughly proportional to the concentration of this subskance in the tia-uc 
culture medium, in spite of the variation that exists in the degree of tuberculin 
sensitivit}’’ of tissues from different tuberculous rabbits. The concentmtion of 
Old Tuberculin used in this study (1 : 1,000) had about the same specific cytotoxic 
activit}" as approximately 10 micrograms per cubic centimeter of PPDG3, indi- 
cating that PPD03 is about one hundred times as active as this sample of Old 
Tuberculin. Tlierc is often a great difference in the activity of different lots of 
Old Tuberculin when the}' are te.'^ted in ti.‘<sue culture. Two lots of Old 'Puber- 
culin in particular have been studied by us in sjdcnic cultures. 'Idie crude tulier- 
culin u.-^cd in the present study (sample B) has been found to be twice as active 
as .sample A, which was used earlier (G). In other wonls PPOGS is ajipnAi- 
mately two hundred times as active as fsimide A. Thi^ i- in ngn'cmcnt v.ith tla* 
relative tuberculin acti\dty of PPD and OT delerminfal by intracutanrous tA fs. 

All thn'c jin'parations of PPD ai)})care<l to bo relatively nontovir for nonn.-d 
tissue. .'Vlthouph extensive conipanUive te^ts were not naade, re-ults obtaiiad 
in the j^resent sftidy wotdd indicate that PPDG3 and. tuberculin pf'ly-acch’indi* 
(no. 70) ate of the same onlcr of toxicity for nonnal .‘•pknic ue. ’I'hi- m.av 
account in part for the srrc.ater nomprcitlc toxicity <'f O’.ii Ttil- rculin fth-at i', 
toxicity for ttormal tissue) th.an that of PP]> cf-mje.rid v.itli the r» lati-.e nt-ueunt 
of each lubstance that is toxic for lulvcrculous ti-'ti,- jjs cuiturr. 
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The positive chemotactic actmtsi^ of tuberculin pols'saccharide for granulo- 
C3d:es described hj Sabin, JojTier and Smitbburn ( 10 ) could not be demonstrated 
vith the method used in the present studjL This method is useful for stud3’ing 
cj^'totoxicit}’: but is not suitable for demonstrating positive chemotaxis, because 
the test substance is distributed evenl}’’ throughout the medium. The sugges- 
tion made bj'' Sabin, Jojmer and Smithbum ( 10 ) that tuberculin polj^saccharide 
maj’^ not be entirely nontoxic is substantiated bj’^ results obtained in the present 
studJ^ An example of the nontoxicit}’’ of a simple carboh5'-drate was seen in the 
behawor of beta-lactose present in large amounts in cultures in which PPD for 
iutracutaneous use was tested. A concentration of 1:200 of beta-lactose iu the 
medium did not decrease the migration of macrophages from normal explants. 

Cultures containing the highest concentration of tuberculin pol3’-saccharide 
in the present stud3'’ (25 micrograms per cubic centimeter) also contained 0.65 
microgram per cubic centimeter of tuberculin protein. This concentration of 
protein would appear to be too small to cause a specific c3i;otoxic effect. On the 
, other hand, the liighest concentration of tuberculin nucleic acid used contained 
15 micrograms of protein, an amoimt that would be expected to decrease the 
migration of sensitive macrophages approximate^ 50 per cent. This would 
seem to indicate that the protein that is firml}' bound to the nucleic acid fraction 
is not as active as other protein components found in tuberculin. As a matter 
of fact, these conclusions are valid in \’iew of results pimdousb’’ recorded. For 
example, it was clearl3’- shown (8) that the protein vith the slower mobilit3’’ in 
electrophoresis, and later ( 12 ) designated as the A t3T)e protein, had greater 
potenc3’' than the B t3TJe, which migrated with a faster mobilit3^ It is the A 
t3’-pe protein that would accompany the potysaccharide fraction and the B 13710 
that would accompan3" l^e nucleic acid. The relative potenc3’' of these two 
types of protein will be studied quantitativel3'' in the future. 

The stimulation of grovi-h and migration of cells in some of the cultures con- 
taining tuberculin nucleic acid was of considerable interest. Reports dealing 
vith the growth-stimulating properties of nucleic acid and nucleoprotems are 
too numerous to include in this discussion. Further studies will be carried out 
to determine the effect of lower concentrations of nucleic acid in order to deter- 
mine whether or not this fraction ma3’^ play a significant role in the disease process 
in tuberculosis. 


SmOIARV AND CONCLUSIONS 

As a part of a stud3’’ of the specific c3'totoxic action of tuberculin on cells from 
tissues of tuberculous animals, the role of some of the purified fractions of tuber- 
culin has been investigated The presence of purified protein derivatives of 
tuberculin in ver3' small amounts in cultures of spleen from tuberculous rabbits 
caused a significant decrease of the migration of wandering cells and the growth 
of fibroblasts, whereas normal cells were not affected. The samples of PPD 
tested were verx' similar to^ each other in activit}*, and were about one hundred 
times as active as one sample of Old Tuberculin and two hundred times as active 
as another sample of Old Tuberculin tested b3’ the same method. 
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Purified tuberculin pol 3 ’’saccharide and nucleic acid did not have a specific 
toxic action for tuberculous tissue. The protein accompanying the nucleic acid 
fraction was not as active in producing the specific cytotoxic reaction as other 
protein derivatives of tuberculin that have been tested. 

Tuberculin polysaccharide had a relatively low toxicity for both normal and 
tuberculin-sensitive tissues. The toxicity of tuberculin polysaccharide for 
splenic tissue of the normal rabbit was of the same order as that of PPD. 

No eiddence of toxicity resulted from the highest concentration of tuberculin 
nucleic acid that could be emplo 3 'ed. In some instances the gro-wth of both 
normal and tuberculin-sensitive cells was stimulated by tuberculin nucleic acid. 

SUMARIO Y CONCLUSIONES 

Como parte de un estudio de la acci6n citotdxica especffica ejercida por la 
tuberculina sobre las c41ulas de los tejidos de los animales tuberculoses, se in- 
vestigd el papel de algunas de las fracciones purificadas de dicha sustancia. La 
presencia de cantidades pequeulsimas de derivados protehucos purificados de la 
tuberculina en los cultivos espl^nicos de los conejos tuberculosos provoc6 una 
disminucion significativa de la migracidn de las c^lulas errantes y de la prolifera- 
ci6n de fibroblastos, en tanto que no afecto las cdlulas normales. Las muestras 
de PPD comprobadas mostraron una actividad muy semejante, siendo unas cien 
veces mds activas que una muestra de tuberculina antigua y doscientas veces mds 
que otra muestra de tuberculina antigua comprobada con la misma tdcnica. 

El poHsacdrido y el dcido nucleico de tuberculina purificados no mostraron 
acci6n tdxica especffica sobre el tejido tuberculoso. La proteffia que acom- 
panaba a la fraccion de acido nucleico no se mostr6 tan activa en producir la 
reaccifin citot6xica especffica como otros derivados protehucos de la tuberculina 
que fueron comprobados. 

El pohsacdrido de la tuberculina mostrfi una toxicidad bastante baja tanto 
para los tejidos normales como para los tuberculino-sensibles,. La toxicidad del 
mismo para el tejido espldnico del conejo normal fud del mismo gdnero que la 
de PPD. 

No se observaron signos de toxicidad con el acido nucleico de la tuberculina a 
la concentracion maxima que pudo emplearse, y en algunos casos dicha sustancia 
estimulo la proliferaci6n de las c41ulas tanto normales como tuberculino-sensibles. 
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THE TUBERCULOSTATIC ACTION OF THE SODIUM SALTS OF 
' CERTAIN SYNTHETIC ALICYCLIC ACIDSi 
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The early investigations of Walker and Sweeney (1, 2, 3) in experimental 
tuberculosis demonstrated that, while chaulmoogra oil and its principal compo- 
nent chaulmoogric acid were effective in vitro against the tubercle bacillus, the 
therapeutic effectiveness of these compounds in experimental animals was 
doubtful. In an extensive series of investigations mth tuberculous guinea pigs 
Voegtlm, Smith and Johnson (4) also obtained negative results with chaulmoogra 
oil and its derivatives. In spite of these failures the specificity of chaulmoogric 
acid for acid-fast organisms in vitro (1) suggests that other new derivatives or 
related compounds might be of value in the treatment of tuberculosis. More 
recently Wagner-Jauregg (5) claims to have obtained slight therapeutic effective- 
ness in guinea pigs vnth nine different esters of chaulmoogric acid. Prigge (6, 7) 
also obtained inhibition of grovdh of the tubercle bacillus vi vitro vuth a series of 
esters of chaulmoogric acid and chaulmoogryl alcohol. These studies were 
continued further in vivo by Arnold and his associates (8) who attempted to 
determiae the effects of long chain fatty acids in combination \vith sulfanilamide 
and sulfapyridine in the oral treatment of experimental tuberculosis in guinea 
pigs and mice. These compounds, however, proved to be ineffective under their 
experimental conditions. 

The present report deals vith the tuberculostatic properties of the sodium 
salts of certain alicyclic acids- which have been tested both in vitro and in vivo, 
using the chorio-allantoic membrane of the chick embryo as a test object. For 
comparison, preliminary in vitro tests were also carried out with the sodium salt 
of chaulmoogric acid (CisHsoOj).® The chemical structure of the various 
alic 5 ’^clic compounds used is given belorv together with concentration of solutions 
as received. For the sake of brevity they are designated in the tables and charts 
by letters and the concentration of the stock solutions given as follows : 

Sodium-4-cyclohexyIcyclohcxane carboxylatc — (CuH-iO-Na) — "J” — 0.03 N 

EbH, H n ILH, H 

^^^CO:NA 

H. Hj H. Hi 


' From the Division of Physiology, National Institute of Health, U. S. Public Health 
Service, Bothesda, Maryland. 

’ All sodium salts of these alicyclic compounds were prepared and supplied by K. I^I. Sey- 
mour and H. Posvic. Most of the work on the preparation of the compounds was done 
at Carleton College, Norlhfield, Minnesota. 

* The sodium chaulmoograte was made from chaulmoogric acid furnished us by Dr. 
J. M. Johnson (National Cancer Institute, of the National Institute of Health) who isolated 
it from chaulmoogra oil following the method used bj- F. B. Power and F. H Gornall, J, 
Chem. Soc. (London), 1901, SS, S3S. 


S3 


c,„ A a 
9„.. If, V 

■^f* ff, \ /^^Prr 

^odiuin^ ff, if *'~~C;0,iVA 

7‘'""”'°“"‘-'«««.. (c „ 

a,. 

fl.<^ n, „. '“'•s..o,N.,_ 

a J, '°-’a„ 0 ,Wa;_„j, 

c,a,A^^J^ ® 

Sorf- w 

J; a. 

''a'-boxyjate— fc tt r. 
a a, 

®°diuxn-3-c3.eion 

®«4iim.2-cvrt a’ B — A^a^aA 

"“'■“■w-Wope^. a. a, \ 

® “^'■bo.tyfate— fc jj- 
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Sodiuin-4-cyclohexyl-cyclohexyl acetal:e — (CuHjjOjNa) — “M” — 0.02 
Hj. Hs 

H2<(^ COiNA 

Hj, H H Hi Hj H 

Sodium-S-hexadeoylcyclopentane carboxylate — (CjiHuOjNa) — “E” — 0.01 N 

H Hi 

Ci.H„X;;^^^';p=^COiNA 
H 2 Hi H 

EXPERIMENTAIi 

The compounds were tested in vitro in a medium consisting of Difco beef 
bouillon plus 5 per cent glycerine and in Kirchner’s medium.^ The preliminary 
experiments were carried out with 0.5 cc. of stock solution of each drug in 50 cc. 
of media. Each drug tvas tested in six flasks each of Difco medium and in three 
flasks of Kirchner’s medium and the average rate of growth recorded for each 
group. The amoimt of growth was graded from 0 to 4. Fractions of these 
figures were evaluated as follows: 1/4 surface of flasks — 1.5, 1/2 — ^2.0, 3/4 — ^3.5, 
and 4 denoting complete surface growth. Since the inoculum is only about 
2 mm. in diameter and the surface of the culture medium is about 6.5 cm. 
considerable growth may occur before it can be evaluated as 1.0, which is 
approximately 5 mm. in diameter. This arbitrary, though not mathematically 
exact, system of evaluation has been used consistently throughout, because the 
rate of gro-ndh is greatly accelerated after the preliminary lag period of seven to 
fourteen days. 

After preliminary tests in vitro with all the compounds the four most active 
acids were selected for further detailed study in vitro and in vivo. 

Before testing the compoimds -for their action in vivo, toxicity tests were first 
carried out to determine the dose at which approximately 50 per cent of the 



< Kirchner’s medium: 
Dibasic sodium phosphate. 
Monopotassium phosphate 

Magnesium sulphate 

Sodium citrate 

Asparagin 

Glycerine 

Water 


3.0 g. 

4.0 g. 

0.6 g.- 

2.5 g. 

5.0 g. 
20.0 cc. 

1000.0 cc. 


(Adjust to pH 7.2 with approximately 2.0 cc. of 40 per cent sodium hydroxide. Autoclave 
at 10 lbs. pressure for twenty minutes.) 
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embryos surwved. This dose was then used in 0.2 cc. of the inoculum con- 
taining 1 mg. of tubercle bacilli. The drug-bacillary suspension Avas incubated 
overnight at 37.5°C. and then implanted on the membrane through an opening 
drilled in the shell of the eight-day old cliick embiyo. The opening Avas then 
sealed Avith a cover glass and sterile parafiin. 

After six days the coA^erslip AA^as removed and the exposed portion of the 
chorio-allantoic membrane fixed in sihi, excised and examined as preAdoxisly 
described (9, 10, 11). The number and extent of the deA’-elopment of the tuber- 
cles in each membrane were noted. These gross findings were verified by 
microscopic examination of the .sectioned membranes. Tn all e.xperiments the 
A27 strain of human tubercle bacilli was used. 

RESniiTS 

Ttihermlostaiic action of sodumi chaulmoograte (Ci8H3202Na): The tuberculo- 
static action of sodium chaulmoograte aa'os tested in concentrations of 2.8, 3.2, 
6.5 and 13.0 mg. per cent. In concentrations of 13.0 mg. per cent in ICkcliner’s 
medium marked inhibition Avas obtained, while concentrations of 3.2 and 6.5 mg. 
per cent had slight, if an3% effect. Similarly 13.0 mg. per cent of sodium chaul- 
moograte produced some inhibition in Difco beef bouillon, but this was less 
marked than in Ivirclmer’s medium (chart 1). The data shoAvn in chart 1 are 
similar to those reported by Walker and Sweeney (1) who obtained inhibition of 
grcAAdih of strains of B. avis, B. bovis and B. hominis in broth culture media 
containing 10.0 mg. per cent of sodium chaulmoograte. The inhibiting action 
in vitro of sodium chaulmoograte in higher concentration than 13 mg. per cent 
could not be studied because of the limited solubility of the drug. 

Tuherculostaiic action of the alicyclic compounds in vitro: The tweh^e alicyclic 
compounds AA'hich were tested for their tuberculostatic properties varied con- 
siderabty in solubilitJ^ They were available in concentrations varying from 
2.1 mg. to 23.2 mg. per cc. In some instances the compounds were not available 
for more than the initial testing in vitro. Of the tAA^eh’^e compounds tested, four, 
sodiiun-S-hexadecjdcjdopentane carboxylate (“E”)> sodium-3-(4-C3’’clohex}d- 
cycIohexjd)-cyclopentane carboxylate (“I”)? sodium-4-cyclohexyl-C3'^clohex3’'I 
acetate (“M”) and sodium-4-cyclohexylcyclohexane carboxylate (“J”)> were of 
relatively low solubility AvhUe the maximum concentration of the rest ranged 
from 17.8 to 23.2 mg. per cc. 

Chart 2 gives the average groAvth of the pellicle of tubercle bacilli after twenty- 
four days in both culture media folloAving the addition of 0.5 cc. of each of the 
tAA-eh^e compounds. From these experiments it appears that no significant 
difference in the groAvth of the control cultures occurred in the tAA’o media, but 
that considerable variation in groAvth occurred in the two culture media when 
the alicyclic compounds were added. Since the pH of the media containing 
these solutions was adjusted to 7.0 this difference in groAvth cannot be a pH 
effect. 

Of the tAA^elve compounds, “A", “I”, “F”, “M” and “E” were the least 
effectwe in inhibiting the gi-OA\-th of the tubercle bacillus in vitro in the specific 
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concentration used, and of the remaining seven, the four most effective were 
selected for more detailed study. The tuberculostatic effect of the compoimds 
“C” and “K” belonging to the cyclopentane series "was studied in concentrations 
of 1.0, 2.0, 5.0 and lO.O mg. per cent in both media. At concentrations of 1.0 
and 2.0 mg. per cent inhibition was slightly greater in Kirchner’s medium than 
in Difco beef bouillon. At concentration of 10 mg. per cent no gro\Yth occurred 
in Difco beef bouillon and slight growth in ICirchner’s medium. Compound 



DAYS 0 10 20 30 40 

Chaiit 1. Bacteriostatic effect of sodium chaulmoograte in vHto. (Solid lines = Difco 
beef bouillon, dasbes => Kircbner’s medium.) 

“L” belonging to the same series inhibited growth completely at 5 mg. per cent 
in ICirchner’s medium but permitted fair grondh in bouillon. Compound “J” 
of the cyclohexane series was studied in concentrations of 1.9, 3.8 and 7.7 mg. 
per cent. No growth was obtained in bouillon at 7.7 mg. per cent and slight 
growth in Errclmer’s medium (chart 3). Compound “D” which %vas also 
strongly inhibitory (chart 2) differed from “C” in that it contained a hexj'l 
group in place of an amyl group. The limited amount of the “D” compound, 
however, precluded its use for further invastigations at this time. 

Toxicity of the alicyclic compounds to the chid; c7nhryo: The four drugs, .sodium- 
4-cyclohc.xylcyclohexane carboxylate (“J”)* sodium-3-amyl-cyclopcntane car- 
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in the control groups. However, when the chi square test using the “Four 
Fold Table” formula® was applied to these data only “C” and “K” appear to 
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Chaht 3. Tuberculostatic effect of “C”, “K”, “L”, and “J” compounds in concentra- 
tions of from 2 to 10 mg. per cent after twenty-four days in vitro. “C” = Sodium-3-amyI- 
cyclopentane carboxylate. “K” = Sodium-3-cyclopentyI-cyclopentyIacetate. “L” = 
Sodium-3-cyclohe.xylcyclopentylacetate. “jv =: Sodium-4-oycIohe.xyloycIohexane carbox- 
ylate. 


have produced significant® results (table 2). Compoimds “J” and “L” when 
judged on this basis appear to have been ineffective. 

' See footnote 1 in table 2. 

' Significance as here used denotes that the difference between the percentage of mem- 
branes with tubercles in the control and e.xperimental groups was larger than would occur by 
chance. 
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TABLE 2 

The effect of “J”, “C", "L” and "K" on the incidence and extent of tubercle infection on the 
chorio-allantoic membrane of the chick embryo 
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1 The chi square test using “fourfold tables”: formula adjusted for small numbers: 

(ad— b e— jN)^ N 

Chi square = 


See: Hill, A. B.: Principles of Medical Statistics, The Lancet, Ltd., London, 1937, p. 93. 

~ Significance of difference between two means using “t” distribution since numbers 
are small. See; Croxton, F. E., and Gowden, D. J.; Applied General Statistics, Prentice 
Hall, Inc., New York, 1942, p. 330. 
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The second and more important criterion for the effectiveness of the drug is 
based upon tlie average number of tubercles per membrane in eacli group. In 
all four series the number of tubercles per membrane is markedly reduced in the 
e.xperimental groups, and this is especially noted in the membranes Avhich 
received inoculum containing either sodium' 3 -am 5 d-cj'^clopentane carboxjdate 
(“C”) or sodium-4-cyclohe.\ylcyc]ohe.\’ane carbo.x 3 date (“J”)- Moreover, when 
the statistical significance of the difference between the average number of 

TABLE 3 


ExtC7it of devdopmenl of tubcixuloiis process in the chorio-allanloic membranes 
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tubercles per membrane for each e.xperimental group and the corres])onding 
control was determined b.v the formula from Croxton and Cowden," the proba- 
bilifj' in each instance ("P values”) that the difference was due to chance was 
less than one in a thou-sand; thus on this basis all four drugs appear to have been 
effective ftablc 2).® 

Tlie third criterion for the relative efTcetivene.ss of the compounds shown in 
table 3 is based upon the size of the tubercles, which is greatly reduced by all 
four drugs but especially in the membranes inoculated with suspensions con- 

’ See footnote 2 in t!il)lo 2. 

"The autlior wislics to uekiuwloilKO the assistance of Dr. Selwyn D. Collins, Head 
Statistician, U S. Public Health Service, for consultation on the statistical iispccls of the 
material. 
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Plate 2. Chorio-allantoic membranes inoculated with 1 mg. of tubercle bacilli (A 27) 
Top row — Controls — inoculated with untreated suspension. 

Middle row — Compound “J” — inoculated with suspension exposed to sodium-4-cyclo- 
hexylcyclohexane carboxylate for twenty-four hours. 

Bottom row — Compound “K” — similar experiments using sodium-3-cyclopentyl- 
cyclopentylacetate. 
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taining sodium-S-amyl-cyclopcnfanc carhoxylate (“C”) (plalcs 1 and 2). The 
inocnia containing compounds “J”, “C” or “L” produced in some of fJie mem- 
branes edematous vesiculated lesions. These were most numerous in the 
experiments in wliicli comi^ound “J” (sodium-4-cyclohexylcycloliexane carbox- 
ylate) was used. These translucent vesicles in microscopic section were found 
to be filled ufith fluid. Eosinophils and monocytes ivere present, with bacilli both 
in the fluid and within the cytoplasm of the cells. Frequently in the same 
membrane a few typical tuliercles were found in early stages of development, 
hlembranes inoculated with susjjensions containing sodium-3-amyl-cyclopentane 
carboxylate produced similar results. Only a few membranes inoculated \nth 
the “L” compound showed vesicular lc.sions and none were observed when the 
“K” compound was used. No vesiculated lesions appeared in any membranes 
of the control groups, all of which had mimerous typical tubercles. 

In table 3 there is also given an analysis of the tuberculous development as 
determined by microscoi)ic examination of the membranes. The degree of 
development of the tubercle has arbitrarily been evaluated from 0 to 4, 4 repre- 
senting the typical comjiact necrotic and c;iseating tubercle. In the control 
series all stages of tubercle development may be found from small aggregates of 
monocytes, surrounding clumiis of bacilli, to the fully developed tubercle. By 
contrast the membranes inoculated ^th drug-bacilliary suspension showed few 
fully developed tubei'cles, the lesions consisting for the most part of aggregates of 
eosinophils and monocytes. 


CONCLUSIONS 

It has been shomi that certain c'v'clopentA'l compounds chemically related to 
chaulmoogric acid and certain cyclohexyl alicyclic acids produced marked 
inhibition in growth of tubercle bacilli of the A27 strain in both Kirchner’s 
medium and Difeo beef bouillon. Four of these compounds, sodium-3-arayl- 
cyclopentane carboxylate, sodiuni-3-cyclohe.xylcyclopentylacetate, sodium-3- 
cyclopentyl-cyclopentylacetate and sodium-4-cyclohexylcyclohexane carbox- 
ylate, were found to be highly tuberculostatic. Under the same experimental 
conditions the sodium salt of chaulmoogric acid was considerably less effective. 

Judged by the incidence and extent of tubercle formation of mfected chorio- 
allantoic membranes of the chick embryo, the virulence of suspensions of bacilli 
exposed to the action of 0.5 mg. of these drugs in 0.2 cc. of suspension for twenty- 
four hours was greatly attenuated as compared uith that of control suspensions 
in physiological saline. The marked acti^ty of these four compounds in 
relatively low doses suggests that further studies in other experimental animals 
would be profitable. 


CONCLUSIONES 

Se ha demostrado que ciertos compuestos ciclopentilicos quimic.amentc 
afines del acido chalmugrico y ciertos acidos ciclohexllicos aliciclicos produccii 
una iuhibicidn pronunciada en la. proliferacion de la cepa A 27 tanto en el medio 
de Kirchner como en el caldo de res Difeo. Cuatro de esos compuestos, cl 



TUBERCULOSTATIC ACTION 


95 


3 amil-ciclopentano carboxilato s6dico, el 3 ciclohexilciclopentilacetato s6dico, 
el 3 ciclopentilciclopentil acetato sddico y el 4 ciclohexilcicloliexano carboxilato 
sddico resultaron ser muy tub4rculoestaticos. En las mismas condicibnes de 
experimentacibn, la sal sbdica del dcido chalmugrico resultb considerablemente 
menos eficaz. 

A juzgar por la iacidencia y extensibn de tuberculogenia de las membranas 
coi'io-alantbicas mfectadas del embribn de polio, la virulencia de las suspensiones 
bacilares expuestas a la accibn de 0.5 mg. de estas drogas en 0.2 cc. de suspensibn 
durante 24 boras se atenub considerablemente comparada con la de las suspen- 
siones testigos en sueros fisiolbgicos. La marcada acthddad de estos 4 compues- 
tos a dosis relativamente bajas indica que resultarlan provechosos nuevos 
estudios en otros animales de experimentacibn. 
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Report of the Committee on Therapy , • 

June, 1945 

Dr. H. Corwin Hinshaw, Chairman 
Dr. Andr6 Cournand Dr. John C. Jones 

Dr. John N. Hayes Dr. Theodore N. Rafferty 

Dr. Kirby S. Hewlett, Jr. Dr. Jolm D. Steele 

The Committee on Therapy has concluded a questionnaire project to acquire 
information regarding trends of thought concerning the place of pneumoperito- 
neum as a collapse measure in treatment of pulmonary tuberculosis in the larger 
sanatoria of the United States. The replies received were much more generous 
than could have been anticipated in such difficult times and concerning a topic 
that is frequently considered to be of minor importance. The institutions re- 
sponding have an aggregate total of over 25,000 occupied beds. Appro.\imately 
1,600 cases ndth pneumoperitoneum w'ere reported. While no effort was made 
to determine efficacy of the procedure, a de&nte effort was made to learn of the 
potential risks of artificial pneumoperitoneum. It was specifically indicated that 
the results would not be published, but mimeographed summaries are available 
through the New York office of the American Trudeau Society. 

Perhaps the most important function of the pneumoperitoneum questionnaire 
was a “trial balloon” to learn if this informal method of obtaining and distribut- 
ing information could serve a useful purpose and would be favored by sanatorium 
physicians. Over 90 per cent of individuals replying expressed approval of the 
method. Many suggestions were received for further studies. 

The Committee held a two-day meeting on February 1 and 2, 1945, in Chicago. 
The following subjects were among those discussed: 

1. Bed-rest therapy: It was agreed that special efforts should be made to make 
it clear to physicians that current discussions on “abuse of bed-rest” in treatment 
of some other diseases do not apply to the treatment of tuberculosis. 

,2. Management of oleothorax: The Committee recommended publication of the 
following statement for guidance in care of patients with oleothorax: “It is rec- 
ommended that for the maintenance of oleothorax clinical review, roentgeno- 
graphic examination, exploration for presence of exudate and determinations of 
pressure within the cavity should be frequently carried out. The interval be- 
tween checks should be brief at first and gradually be extended to a period of not 
in excess of three months after the oleothorax becomes stabilized.” 

3. Definition of negative sputum in evaluation of therapy: The Committee met 
jointly with the Committee on Evaluation of Laboratory procedures for e.xpIora- 
tion of this problem and after extensive discussion concluded that more precise 
and uniform bacteriological standards would be desirable additions to the other 
criteria utilized in classification of the recovery phases of tuberculosis. 
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4. Clinical applicaiions of chemotherapy: The present status of some controlled 
studies of chemotherapy of clinical tuberculosis was reviewed and the defimte 
trend toward diminishing enthusiasm for promin, diasone and promizole was 
noted. The present status of streptomycin in treatment of experimental tuber- 
culosis of guinea pigs was briefly reviewed. 

The Committee has recognized the increasing importance of tests of pulmonary 
function in calculating the risks of contemplated permanent collapse therapy or 
pulmonary resection and in measuring the physiological effects of surgical proce- 
dures at various stages of the postoperative period. As a result of extended 
discussions during the past two years the Committee requested one of its mem-, 
bers, Dr. Andr4 Cournand, to undertake the task of securing recommendations 
from several investigators and of compiling these in a manner to serve the physi- 
cian and surgeon in practical application of these tests to the more frequently 
encountered problems in surgical treatment of pulmonary tuberculosis. 

Genei’ous replies were received from the following physicians : Dr. John LaDue, 
Dr. Max Pinner, Dr. George Wright and Dr. Frederick Warring. The Commit- 
tee wishes to express their gratitude to them and to Dr. Andr4 Cournand, who has 
prepared the following report in an effort to correlate his own views with those 
expressed by the above mentioned advisers, 

TESTS OF PELMONARY FENCTION IN THEIR RELATION TO THE TREATMENT OP 
CHRONIC PELMONARY TEBERCELOSIS 

Studies of pulmonary function are of practical interest in two groups of pa- 
tients with chronic pulmonary tuberculosis: 

Group I comprises patients in whom collapse therapy or pulmonary resection 
is indicated. In this group, tests of pulmonary function may be used chiefly (a) 
to detect poor surgical risks, (b) to help predict difficulties during the immediate 
postoperative period and the degree of disability to be expected after surgery has 
been completed, and (c) to decide wffiether one type of treatment should be sub- 
stituted for another. They should be view^ed as valuable information to be dis- 
cussed along with other information obtained by a complete clinical survej’' of 
the case. 

As a rule, in young individuals, with single cavities and no e^^dence of homo- 
or contralateral scattered bronchogenic spread, tests of pulmonary function may 
be dispensed with. A history of repeated hemoptysis, W’hich may lead to fine 
nodular and disseminated fibrosis and extensive emphj'sema of the better lung, 
sometimes difficult to recognize on X-ray films, constitutes the only exception to 
this rule and one of the main indications for complete studj”- of the pulmonarj’- 
function including the six sets of measurements. 

Group II comprises patients who have been recentlj’’ subjected to a major 
surgical procedure such as thoracoplasty, lobectomy or pneumonectomy. In this 
group the following tests may be used to advantage: (a) Immediately after sur- 
gerj-- measurement of the arterial blood oxjffiemoglobin saturation will help de- 
cide whether latent anoxia is present; cyanosis is a late sign of an anoxic state. 
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especially after loss of blood and in anemic persons; it is therefore of little practi- 
cal value in dealing vith oxygen therapy, (b) Following lobectomy and pneu- 
monectomy, measurement of maximal breathing capacity and measurement of 
lung volume (tests 1 and 3 below) will be of importance in detecting early disten- 
tion of the homolateral lobes or contralateral lung. They should be repeated 
during the first few months after lung resection, with a view to helping decide 
whether to collapse the chest wall partially or totally on the side of the lung 
resection as a preventive measure against further pulmonary distention and pos- 
sible development of emphysema. 

The tests recommended may be listed and indexed as follows: 

Tesl 1: Measurement of the maximum breatliing capacity (maximum minute 
ventilation). 

Test 2: Separate measurements of the ventilation and oxygen intake of each 
lung (bronchospirometry). 

Test S: Measurement of the total lung volume, including residual air. 

Test 4: Measurement of the arterial blood oxyhemoglobin saturation at rest 
and following exercise. 

Test 5: Measurement of the ventilation and 'of rate of oxygen intake at rest, 
during and following a standard type of exercise. 

Test 6; Fluoroscopic observation to observe movements of the thoracic cage 
and diaphragms. 

Tests 1 and 2 constitute the minimum required in both young and aged groups 
with previous history of collapse therapy, bilateral disease, adhesive pleuritis or 
of serofibrinous pleurisy and in the presence of bronchial lesions. Test 1 gives 
information regarding the available breathing reserve; although there is no fast 
rule, experience has sho^vn that, when the maximum breathing capacity is below 
40 liters per minute in males and 35 liters per minute in females, the immediate 
postoperative period may be stormy and permanent disability in the form of 
dyspnea with minimal exertion, or even at rest, maj’’ develop. Test 2 may be 
valuable in helping (a) decide whether to be conservative in rib resection, (6) 
choose between thoracoplasty, partial or total lung resection. If oxygen intake 
is still large and proportional to the ventilation on the side to be operated upon, 
attempt should be made to restrict surgical procedure to the minimum compatible 
with good therapeutic result ; on the contrary, a much reduced oxygen intake with 
still a large ventilation should be an inducement to an e.xtensive collapse of the 
chest wall or to total lung resection. Tests 1, 2, 3, 4' and 5 should be used in the 
older age group when dj^spnea is an important symptom and if there is suggestion 
that chronic pulmonary emphysema is a complicating factor. Whenever a 
bronchial lesion is suspected, tests 1 and 3 are of real diagnostic value in showing 
(a) a much larger reduction in Maximum Breathing Capacity than in Vital 
' Capacity, (5) discrepancies in successive measurements of residual air volume. 

In forw'arding these recommendations to members of the Society, the Commit- 
tee should insist upon, the importance of (J) a good technique in obtaining the 
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data, (2) a thorough understanding of the general concept of pulmonaiy function 
on the part of those interpreting the measurements. It should bo emphasized, 
too, that, great progress liaving been made in the field of applied rcspiratoiy 
ph3-siolog}’ during the war, the suggestions made here ■vWll certainly be supple- 
mented and reused in the not too distant future when restrictions on scientific 
information .are lifted. 
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Report of the Committee on Clinic Procedure 
June, 1945 

Dr. Herbert R. Edwards, Chairman 
Dr. R. Alec Brown Dr. Herbert L. Mantz 

Dr. Edward S. Kupka Dr. Paul P. McCain 

Dr. Paul S. Phelps 

The Committee on Clinic Procedure held a meeting on January 30, 1945, in 
Chicago. Committee members present were Dr. Herbert R. Edwards, Chair- 
man, Dr. R. Alec Brown, Dr. Edward Kupka, Dr. Paul P. McCain and Dr. Paul 
S. Phelps. 

The purpose of the meeting was to discuss the revision of the Tubcrcttlosis 
Clinic Manual, published by the National Tuberculosis Association in 1938, the 
task of revision having been assigned to the Committee. 

The various chapters of the manual were assigned to Committee members for 
revision. Each chapter was thoroughly discussed at the meeting so that the 
Committee member assigned a particular chapter would have the benefit of the 
other Committee members’ ideas on the subject. It was decided that each Com- 
mittee member should have sufficient copies made of his revisions, so that a copy 
could be sent to the other members for comment. All suggestions for further 
changes were to be in the exact wording desired. Doctor Edwards agreed to 
assemble the revisions before submitting the material to a medical editor for 
review, and the Committee gave him the power to make all necessary final 
decisions. The Committee also recommended that the typography of the 
manual be improved and that the name be changed to Chest Clinic Manual. 

Since the meeting, the Committee members have been working on the chapters 
assigned to them and revisions are being sent around for comment. It is expected 
that the manuscript will be ready for publication the latter part of the year. 
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Report of the Medical Advisory Committee on Health Education 
Dr. H. McLeod Riggins, Chairman 

Dr. Charles P. Cake Dr. Kirby S. Hewlett, Jr. Dr. B, Thomas McMahon 

The Medical Advisory Committee on Health Education did not meet during 
the year, but carried on its work by correspondence. Through the courtesy of 
Doctor Lyght, Doctor Cake and Doctor Riggins met with the Advisory Commit- 
tee on Health Education of the N.C.T.S. on February 1, 1945. The Chairman 
made a short report of the activities of the Medical Advisory Committee during 
1944. He reviewed very brieflj'' the scope and functions of the Medical Advisory 
Committee and pointed out the necessity for greater clarification of the Commit- 
tee’s function particularly as regards the review of monographs sponsored by the 
N.T.A., but written by recognized authorities on special subjects in the field of 
tuberculosis. It is the consensus of the Medical Advisoiy Committee that more 
explicit clarification of its functions is advisable, particularly as regards the 
review of monographs or texts sponsored by the N.T.A. 

During the year, the Committee reviewed the following manuscripts: 

Why Does TB Run in the Family 

Teaching Unit on Tuberculosis Control Designed for High Schools 
Motion picture script on Life 

Doctor Aitken’s manuscript Care and Treatment of the Tuberculous 
Manuscripts of 1945 Christmas Seal School Programs 
Tuberculosis through the Teens 
Industrial Bulletin Board Posters 
Your Baby 

\ 

Dr. B. Thomas McMahon of Denver has recently been made a member of the 
Committee. 

The observations and suggestions of the various members of the Committee 
have been received reasonably promptly in most instances, and they, with the 
Chairman’s comments, have been communicated to the Director (of the Depart- 
ment) of Health Education. As has been the custom in previous years, the mem- 
bers of the Committee sent a carbon copy of their comments and suggestions to 
the Chairman. In certain instances the Chairman has not only forwarded a 
summary of the Committee’s report to the National Office, but has also sent 
carbon copies of the members’ comments. 
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NOTICE 

Prof. Dr. Fernando D. G6mez, Director, announces that” the fourth jpost- 
graduate course, Theoretical and Practical Aspects of the Treatment of Pul- 
monary Tuberculosis, -vN-ill be given in the Institute de Tisiologia “Prof. |Juan 
B. Morelli,” Montevideo, Uruguay, March 18 to 30, 1946. 



CHEST PHOTOROENTGENOGRAPHY IN ARMY PHYSICAL 

EXAMINATIONS 


A Review of 40,283 Chest PhotoroentgenoBrQms at the Buffalo Recruiting and 

Induction Station* 

ISRAEL A, SCHILLER* 

INTRODUCTION 

Radiography of the chest as part of the Army pliysical examination for induc- 
tion constitutes a mass sur\fcy for tuberculosis of the male population of military 
age. It ma}’’ be estimated that, in order to raise an Army of 7^- million men, 
approximately 10 million must be examined by the Army Medical Corps. Thus, 
roughly 7.5 per cent of our total population nill be given the benefit of a chest 
roentgenogram. A sj'stematic screening of the apparently healthy population 
has never before been undertaken on such an enormous scale. 

The knowledge gained from this program will serve to evaluate our progress 
in the fight against puhnonar}*^ tuberculosis and nill uncover the reservoirs 
where the disease has resisted efforts at control, and which serve as foci for its 
dissemination. The immediate benefits of this project will be e.xperienced in 
every commimity through the discoverj' of cases of previously imdiagnosed 
tuberculosis. 

This report of the findings in 40,283 chest photoroentgenograms is presented 
as a small part of this vast survey. 


MATERIAL 

The e.xaminations which form the subject of this report were made at the 
Buffalo Recruiting and Induction Station during the six-month period from 
July 1 to December 31, 1942. The majority of the men examined were derived 
from an area embracing six counties in Northwestern New York State with a 
population of 1,225,794. This population is chiefly urban, the greater part of 
it being concentrated in the Buffalo-Niagara Falls Metropohtan District which 
has a population of 857,719. 

The 40,283 men examined consisted of four groups: (J) Selective Service 
Registrants; (S) Applicants for Enlistment; (S) Appheants for Commission; 
(4) Applicants for Aviation Cadet Training. The size and the age limits of 
each group examined are summarized in table 1. Exact data as to the dis- 
tribution within the upper and lower age limits for each group are not available, 
but in general the Selective Service Registrants contained more men in the higher 
age brackets than the Applicants for Enlistment. The Appheants for Com- 
mission were, for the most part, between 30 and 45 years of age, with less scatter 
in the younger age groups than the preceding two subdivisions. This was, on 

* A unit of the Northwestern New York Recruiting District, Second Service Command. 

* Major, Medical Corps, Army of the United States. Address: 1369 East 19th Street, 
Brooklyn, New York. 
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the average, the oldest, as well as the smallest group examined. In addition, 
tliis group contained a substantial number of ph 3 ’’sicians and dentists. The 
youngest category was the Aviation Cadet Applicants, ranging in j^ears between 
18 and 27. The latter was a selected group, since all Aviation Applicants had 
passed a mental aptitude test prior to physical examination. 

TABLE 1 


Sisc and age limils of groups examined 



NUlfBER 

EXAinS'ED 

PER CENT 

ACE LUriTS 

Selective service registrants 

29,778* 

73.9* 

18-45 

Applicants for enlistment 

7,643 

19.0 

18-45 

Applicants for commission 

784 

1.9 

21-50 

Applicants for aviation cadet training 

1 

2,078 

5.2 

1 

18-27 


Total 

40,283 

100.0 

18-50 



* Included in this number were 961 colored men who formed 3.2 per cent of the Selective 
Service Registrants and 2.4 per cent of the total examined. 


METHOD 

The chest of every man was X-rayed by the photoroentgen technique, a pair of stereo- 
scopic exposures being made in each case. The two exposures were made during one 
inspiration with a vertical shift of the tube and film. The resulting photoroentgenogram 
consisted of two images, each approximately 4" x 5", one above the other, on a film 4" 
X 10" in size. The films were view'ed W'hile wet through an ortho-stereoscope which 
magnified the image three times and permitted tri-dimensional visualization. In doubtful 
cases, or where closer scrutiny was required, conventional 14" x 17" chest films were 
made. The details of procedure and equipment have been described more fully else- 
where (1, 2). 

In cases where the radiographic findings were cause for rejection, the registrant or 
applicant was interviewed by the roentgenologist. A brief history was obtained and the 
reason for rejection explained, with special emphasis on the importance of seeking prompt 
medical care. In addition, the names and addresses of rejected indbiduals, together 
with the diagnosis, were submitted daily to the New York State Department of Health. 

CRITERIA FOR REJECTION 

Under present Army Regulations, men who show’^ radiograpliic evidence of 
the reinfection or adult tjqie of tuberculosis, invohing an area of the lung field 
larger than 5 square centimeters on the standard 14" x 17" film are rejected 
regardless of the acthity of the disease. "l\Tiere the lesion shows definite evi- 
dence of inacthity and is not greater in extent than 5 square centimeters, 
acceptance is deferred for a length of time sufficient to demonstrate the stability 
of the process, six months being regarded as the minimum period to satisfy this 
requirement. Similarly, persons with active or unstable primarj’^ tuberculosis 
are rejectable. Men with residua of healed primary tuberculosis arc considered 
acceptable pro^ided the number of calcified foci is not excessive. 











CHEST PHOTOROENTGENOGRAPHY 


105 


Among the chronic nontuberculous puhnonary diseases which call for rejection, 
bronchiectasis, wide-spread puhnonary fibrosis and extensive adhesive pleurisy 
are probably the most important from the point of view of the Army examiner. 
Pleural effusion, neoplastic disease, mediastinal or hilar adenopathy, and eventra- 
tion of the diaphragm also bar the candidate from acceptance for miUtary 
service. 

Men with temporarily disabling conditions, such as pneumonia or spon- 
taneous nontuberculous pneumothorax, are deferred for periods of from one to 
three months. Similarly, when a lesion is suspected, or if further observation 
is required before a definite diagnosis can be made, the registrant or volunteer 
may be deferred temporarily at the discretion of the examiner. Such temporary 
deferment is considered especially advisable in cases of recent “idiopathic” 
pleural effusion. 

It is evident that many cases will be found suitable for temporary deferment 
rather than for outright rejection. The frequent use of the “temporarily 
deferred” classification is therefore not to be regarded merely as a postponement 
of the ultimate decision, but as a recognition of the importance of the time 
element in arriving at a sound estimate of fitness for mihtary service. 

RESULTS 

The results of this study, in general teims, are summarized in table 2. Of 
the total number examined, 856 men, or 2.12 per cent, were found to be unfit 
for mihtary service, temporarily or permanently, because of puhnonary disease 
disease as revealed in the photoroentgenogram. Puhnonary tuberculosis was 
the cause of rejection in approximately three-quarters of these, nontuberculous 
pulmonary diseases accounting for only one-quarter of the rejections. Specifi- 
cally, there were 632 rejections for tuberculosis, or 1.57 per cent of the entire 
group examined, compared with 224, or 0.55 per cent, for other pulmonary 
conditions. 

The total of 856 cases rejected because of pulmonary disease may be divided 
also into 510 (1.27 per cent) permanently disquahfied and 346 (0.85 per cent) 
temporarily deferred. Almost half of the rejections (40 per cent) therefore were 
temporary, for periods of from one to six months, and subject to reexamination 
at a later date. Whether temporary or permanent, tuberculosis was responsible 
for roughly three-fourths of the cases in each category. Thus, of the 632 cases 
rejected because of tuberculosis, 374, or 0.93 per cent, were rejected permanently, 
while 258, or 0.64 per cent, were deferred temporarily; of the 224 nontuberculous 
cases, 136, or 0.34 per cent, were rejected permanently and 88, or 0.21 per cent, 
deferred temporarily. 

Tuberculosis: An examination of the figures for tuberculosis (table 2), 
however, reveals considerable variation among the different classes. Selective 
Service Registrants, the largest gi'oup, showed a rejection rate for tuberculosis 
of 1.77 per cent. Applicants for training as Aviation Cadets yielded the lowest 
rate — 0.72 per cent, while those examined for the commissioned grades gave 
the highest rate — 2.55 per cent. The latter two classes of applicants also repre- 
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sented the extremes with regard to age, the Air Corps aspirants being limited 
to men under 28, while the applicants for commissions were preponderantly 
over 30 years of age. The latter, numbering only 784 men, constituted too small 
a group to permit reliable conclusions as to the prevalence of tuberculosis in 
the older age brackets, but this trend toward an increasing prevalence of tuber- 
culosis "with advancing years has been noted in other surveys (2, 3). 

The applicants for voluntary enlistment, the second largest group in the series 
studied, showed a rejection rate for tuberculosis of 0.93 per cent, only slightly 
higher than that of the aviation applicants and substantially lower than that of 
the Selective Service Registrants. These volunteers were not only generally 


TABLE 2 

Analysis of SB6 cases permanently or temporarily rejected because of pulmonary disease 



perua- 

NENTLV 

REJECTED 

TEWTO- 

RARILY 

REJECTED 

TOTAL 

X-RAY 

REJECTS 

rOtMOMARY 

TODERCUIOSIS 


OTHER PULMONARY 


CSOT7P AND , 

NDMBEB 1 







Perma- 

nent 

Tempo- 

rary 

Total 



Total 


Number 

per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

l-t 

U 

z 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

*J 

a 

u 

w 

Selective serv- 
ice regis- 
trants, 29,- 
778 

1 

435 

1 

1 

1 

1.46 

289 

1 

0.97 

724 

1 

1 

2.43 

312 

1.05 

214 

0.72 

526 

! 

l,77l 

123 

0.41 

75 

0.25 

19S 

0.66 

Applicants for 
enlistment, 1 
7,643 

43 

0.56 

1 

40 

0.60 

89 

1.16 

35 

0.46 

1 

36 

0.47 

71 

0.93 

S 

0.10 

10 

0.13 

IS' 

0.23 

Applicants for 
commission, 
784 

16 

2.04 

4 

0.51 

i 

; 20 

2.55 

16 

2.04 

i 

4 

0.51 

!eo 

2.55 

0 

0 

0 

1 

0 

0 

0 

Applicants for 
aviation ca- 
dettraining, 
2,078 

16 

0.77 

7 

i 

0.34 

1 

23 

1.11 

11 

0.53 

4 

0.19 

15 

0.72 

5 

0.24 

3 

0.15 

8 

0.39 

Total 40,283 . 


1.27 

346 


856 

2.12 

374 

0.93 

258 

0.64 

632 

1.57: 

136 

m 

88 1 

m 

224 

m 

mm 


younger than the Selective Service Registrants, but most of them, like the 
applicants for aviation training, had some special educational or technical 
qualifications. This superiority may reflect a better social and economic back- 
ground and be an additional factor in accounting for their lower rate of rejection 
for tuberculosis. 

Colored registrants, munbering 961 men, formed only a small proportion 
(3.2 per cent) of the men derived through Selective Service. Their rate of 
rejection for tuberculosis was the same as that of the wliite registrants — '1.77 per 
cent, and their rate for other pulmonary diseases also showed no significant 
difference — 0.73 per cent, as compared with 0.66 per cent for the white regis- 
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trants. Because of the small size of the Negro component, however, no far- 
reaching conclusions can be drawn from these figures. 

TABLE 3 


Analysis of S74 cases permanently rejected because of pulmonary tuberculosis 


CROUP 

NUMBER 

PERMANENTLY 
REJECTED 
BECAUSE OP 
TUBERCULOSIS 

AcnvE tuberculosis 

ARRESTED 
TUBER- j 

culosis { 

PRIMARY 

tuberculosis 

EXAMINED 

Number 

Per cent 

Mini* 

mal 

Moder- 

ately 

ad- 

vanced 

Far 

ad- 

vanced 

Total 

Arrested 

Un- j 
stable ' 

i 

Healed; 

Total 

Primary 

tuber- 

culosis 

Selective eervice 
registrants 

29,778 

312 

1.05 

58 

60 

10 

128 

164 

2 

18 

20 

Applicants for 
enlistment.. . . 

7,643 

35 

0.46 

6 

7 

0 

13 

15 

0 

H 

7 

Applicants for 
commission . . . 

784 

16 

2.04 

3 

0 

0 

3 

12 

0 

■ 

1 

Applicants for 
aviation cadet 
training 

i 

2,078 

11 

0,53 

1 

5 

2 

0 

7 

4 

0 

0 

0 

Total 



0.93 

72 

69 

10 

151 

195 

2 

26 

28 


TABLE 4 

Analysis of SB8 cases temporarily deferred because of pulmonary tuberculosis 


CROUP 

NUMBER 

TEMPORARaV 
DEFERRED 
BECAUSE OP 
TUBERCULOSIS 

ACTIVITY 

UNDETERMINED 

1 

ARRESTED 

PRIMARY 

TUBERCULOSIS 

SUSPICIOUS 

OP TUBER- 
CULOSIS 

INEO 

Num- 

ber 

Per 

cent 

j 

probably 

active 

Probably 

arrested 

**5 

Per cent 

Number 

Per cent 

Unstable 

a 

Tout 

Per cent 

Nmn- 

ber 

Per 

cent 

Selective service 
registrants 

29,778 

214 

■ 

27 

45 

72 


131 

0.44 

5 

4 

9 


2 

<0.01 

Applicants for en- 
listment 

1 

7,643 

36 

M 

5 

5 

i 

0.13 

20 

0.26 

3 

0 

3 


3 

0.04 

Applicants for com- 
mission 

78-1 

A 

|H 

0 

i 

0 

1 

I 

4i 

0.51 

0 

0 

0 


0 

0 

Applicantsforavia- 
tion cadet train- 
ing 

2,078 

4 

0.19 


i 

j 

1: 

1 

r 


2 

i 


0 

0 

0 


1 

0.05 

Total 

40,283 

258 i 

0.64 

32 

51 

S3 

[o.2li 

157i 

0.39 

S 

4 


0.03 

1 

0 

O.OI 


E.\amining the cases attributable to tuberculosis with regard to the stage 
and activity of the disease (table 3) we note that, of 374 pcrmancntlj’ rejected 
for this cause, 195 were classed as arrested, or not clinicallj- .rignificaiit, and 151 
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as active. Twenty-eight cases were of the primary type — 2 unstable and 26 
healed. 

The cases temporarily rejected because of tuberculosis are analyzed in table 4. 
It will be recalled from the discussion under Criteria for Rejection that cases 
of reinfection type tuberculosis, to be eligible for temporary deferment, must 
be limited in extent to an area not exceeding 5 square centimeters on the 14" x 17" 
film, and show evidences of arrest of the lesion. However, in order to avoid 
too great reliance on the roentgenogram alone in estimating the activity of 
tuberculous lesions, all cases of minimal tuberculosis which conformed to the 
stated dimensions and were not frankly active radiographically or clinically 
were deferred temporarily. In these cases the ultimate decision as to the 
activity of the process was to be made after six or more months of observation. 
This policy resulted in the temporary deferment not only of cases which seemed 
definitely arrested, but also of cases of undetermined activity, some of which 
were probably inactive and others probably active, judging from the available 
evidence. 

Referring to table 4, we note that, of 258 cases temporarily deferred because 
of tuberculosis, 157, or approximately three-fifths, vrere considered arrested, 
while 83 were of doubtful activity. Subdividing the doubtful cases, as described 
above, we find that 51 were considered "probably arrested," and 32 "probably 
active." Twelve cases of the primary t5npe of tuberculosis, and 6 cases in which 
the existence of a lesion, possibly tuberculous, was suspected, complete the total 
of those temporarily deferred by reason of tuberculosis. It is safe to assume 
that the majority of the men in this category would prove acceptable after six 
months of observation. 

The necessarily arbitrary separation of the cases of tuberculosis into per- 
manently and temporarily rejected categories does not give a complete picture 
of the disease as seen by the Army roentgen olo^st. For this reason, tables 
3 and 4 have been combined to form table 5, which analyzes all of the 632 cases 
rejected because of puhnonaiy tuberculosis, by stage and activity of the disease. 
The cases listed in table 4 as "probably active" have been included under 
"minimal active,” while the “probably arrested” and “arrested” headings of 
table 4 have been incorporated into the “arrested” column in table 5. 

The composite tabulation shows 183 cases (0.45 per cent) of active, or clini- 
cally significant tuberculosis, as compared wth 403 (1.00 per cent) arrested, 
The active cases considered by stage of the disease were distributed as follows: 
104, or 56.8 per cent, were minimal; 69, or 37.7 per cent, were moderately ad- 
vanced; and 10, or 5.4 per cent, were far advanced. All of the far advanced 
cases occurred among the Selective Service Registrants. There were also 40 
cases of the primary type of tuberculosis, either unstable or healed 

The ratio of active to arrested cases for the entire group was 1:2.2. This 
ratio held equally well for the Selective Service Registrants and Applicants for 
Enlistment, who together constituted over 90 per cent of the men examined. 

In this regard, however, the two smaller groups differed sharply, the youngest 
applicants (Aviation Cadets) presenting an equal nmnber of active and arrested 
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cases while the oldest (Applicants for Commission) showed only 3 active cases 
as compared with 16 arrested. Thus, although the older men showed the highest 
rate of rejection because of tuberculosis (2.55 per cent), this could be attributed 
to the greater prevalence of arrested disease among them. 

N ontuberculous cases: Referring again to table 2, it wiU be noted that 224 
men (0.55 per cent) were rejected because of nontuberculous pulmonary disease, 
of whom 136 (0.34 per cent) were pennanently excluded from military service 
and 88 (0.21 per cent) only temporarily disqualified. The ratio of temporary 
to permanent rejections here is approximately that found for tuberculosis, 
namely 2:3. 

In the field of nontuberculous disease, Selective Service Registrants showed 
the highest rate of rejection — 0.66 per cent, while those applying for commissions 

TABLE 5 


Analysis of 6S8 cases rejected because of pulmonary tuberculosis (composite of tables 3 and 4) 



NTTMBEK 

REJECTED 
BECAUSE OF 
TUBERCULOSIS 

ACrnrE TUBERCULOSIS 

1 ARRESTED ! 
: TDBERCU- 
1 LOSIS 

PRIMARY 

TUBERCU- 

LOSIS 

SUSPICIOUS 
OF TUBER- 
CULOSIS 

OSOUP 

EXAM- 

INED 

Number 

Per cent 

Minimal 

§■3 

SS 
« > 

1 * 5*0 

Far ad- 
vanced 

Total 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Selective service 
registrants — 

29,778 

526 

1.77 

85 

60 

10 

■ 

0.52 

340 

1.14 

29 

1 

0.10 

2 

<0.01 

Applicants for 
enlistment 

7,643 

71 

0.93 

11 

7 : 

0 

n 


40 

0.52 

10 

0.13 

3 

0.04 

Applicants for 
commission. . , 

784 

20 

2.55 

3 

1 

1 

0 

0 

3 

0.38 

16 


1 


0 

0 

Applicants for 
aviation cadet 
training 

2,078 

15 

0.72 

5 

2 


7 

0.34 

7 

0.34 

0 


1 

0.05 

Total 


632 

1.57 

104 

1 

69 

10 

183 


403 


40 


6 

0.01 


lost none on this score. The other two classes of applicants had comparable 
rates — 0.23 per cent of those who sought to enlist and 0.39 per cent of those who 
sought flight training being excluded on tliis count. 

Table 6 lists the diseases encountered other than tuberculosis, and the munber 
of rejections attributable to each. Bronchiectasis, wth 51 cases, was the most 
frequent cause of rejection in this group. The diagnosis was based on the rather 
characteristic infiltration in the roentgenogram together vith one or more 
confirmatory clinical features, such as a history of chronic cough A\ith e.xpectora- 
tion, clubbing of the fingers, previous bronchographj’-, or ph 3 ’’sical signs commonlj- 
associated vith this disease. Thirteen of these cases were deferred temporarily 
to test the persistence of the radiographic changes. Several cases, in which 
bronchiectasis was the most probable underl>’ing etiological factor, were diag- 
nosed as “pneumonitis” on the basis of the X-ray findings and rejected tempo- 
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rnrily. Untloublcdly some of the eases rejected because of fibrosis would also 
ehmv bronchieclatic changes on bronchography, but these were classed as 
instances of pulmonary fibrosis, in accordance with their predominant radio- 
graphic characteristic. In a large number of eases reported from the Southern 
New York Recruiting District (2), the diagnosis of bronchiectasis, made on the 
same criteria as employed in this ecrias, was later confirmed by bronchography 
in S t of 57 cases. While the number of eases of bronchiectasis in the present 


TABLK C 

A nahjsis of cases permanently or temporarily rejected because of pulmonary diseases otksr 

than tuberculosis 


Bronchiccfnsi.s 51 

Pneumonitis 45 

DiEosscs of the pleura 44 

Adhesive pleurisy and thickened plour.a 31 

Pleural effusion 5 

Recent plcur.al effusion 4 

Acute fibrinous pleurisy 2 

Spontaneous pneumothorax 2 

Pulmonary fibrosis and emphysema 32 

llilnr and mediastinal ndcnopathj’ 15 

Pnoumonoconiosis 11 

Silico-tubcrculosis 4 

Eventration of diapbrapm , 3 

Left leaf 4 

Right loaf, 3 

Bilateral I 


Meclinslinal neoplasm 

Healed tuberculous cervical adenitis 

Substcrnal goitre with tracheal compression 

Neoplasm of rib 

Neoplasm of scapula 

Calcified pulmonary mass 


Cystic disease of lungs 1 

Chronic bronchitis 1 

Aortic aneurysm 1 

Coarctation of the aorta 1 

Total 224 


series is high in comparison with the findings in the report cited, it is believed 
that the estimate is conservative. 

• The disease group occurring next in order of frequency is listed as “pneu- 
monitis,” which is admittedly a nonspecific and inclusive designation. The 
45 cases classed under this heading comprise a variety of diseases, some of them 
chronic or secondaiy to other causative factors. As mentioned above, several 
were probably the result of underlying bronchiectasis, while one at least was a 
case of chronic lung abscess. Here, too, were included the bronchopneumonias 
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and other transient pulmonary infiltrations, as well as the one case of frank 
lobar pneumonia encountered in the series. It is possible that some of the cases 
thus listed would prove to be tuberculous in origin. Because many were vm- 
doubtedly of transient nature, while others were of uncertain etiology, 44 of 
the 45 cases loosely grouped as “pneumonitis” were deferred for short periods 
of time, to be reexamined later. 

Diseases of the pleura accounted for 44 rejections, of which adhesive pleurisy 
and thickening of the pleura together were responsible for 31. There were also 
5 cases of pleural effusion (one encapsulated and one interlobar) and 4 cases 
recently recovered of pleural effusion which were deferred temporarily. In all 
of these cases the history was suggestive of the so-called “idiopathic” t 3 ^e of 
pleural effusion. Acute fibrinous pleurisy and spontaneous pneumothorax 
complete the tally of diseases of the pleura, each with 2 cases temporarily 
deferred. Although this group of cases is listed as “nontuberculous,” the 
rdle of tuberculosis as an etiological factor in many of them cannot be ignored, 
even if not susceptible of proof. 

Thirty-two cases of extensive pulmonary fibrosis, a few associated with 
emphysema, occupy the next place on the list of nontuberculous pulmonary 
disease. These undoubtedly represented the end result of previous disease 
processes, but in most cases no etiology could be assigned except for an occasional 
history of a previous “pneumonia.” Tuberculosis and pneumonoconiosis were 
excluded, as far as possible, by the radiographic characteristics and the clinical 
history. Most of these cases had associated pleural changes. Despite the 
obscurity of the initiating factor, there could be little doubt that the resulting 
fibrosis had rendered these men unsuitable for military service. 

Adenopathy of the hilar or mediastinal nodes comprised a group of 16 cases 
of unknovm etiology. In 2 of these, tuberculosis was considered as the possible 
cause and in 3 others the radiographic appearance suggested sarcoidosis or 
tuberculosis. However, too much diagnostic weight was not given to these 
impressions. 

Next in order of frequency was pneumonoconiosis, 11 cases of which were 
encountered, each confirmed by a history of occupational exposure. Hard-coal 
mining, foundry work and grinding with carborundum as an abrasive were the 
hazardous occupations in 10 cases. One man gave a history of exposure to 
asbestos in the form of heat-insulating fabrics. In 4 of these cases of pneumono- 
coniosis the radiographic findings indicated an associated tuberculosis. 

Eventration of the diaphragm was cause for rejection in 8 cases. The left 
leaf of the diaphragm was involved in 4 instances, the right leaf in 3, while one 
case, vnth a history of injury of the chest, showed eventration of both leaves. 

Mediastinal neoplasm with but 4 cases was a minor cause of disqualification. 
Other conditions which occurred rarely were calcified tuberculous cendcal 
adenitis, substemal goitre with tracheal compression, and neoplasm of the ribs 
or scapula. Each of the following occurred singly: calcified pulmonary mass 
of unknown origin; cj'stic disease of the lungs, probably congenital; chronic 
broncliitis; luetic aortic aneurj’sm; and coarctation of the aorta. 
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DISCUSSION 

Tlie data presented in this report are based essentially on the interpretation 
of stereoscopic photoroentgenograms with the assistance of the conventional 
14" X 17" film ^Yhe^cve^ indicated. Brief case liistorics and physical findings 
■were also available to the roentgenologist and were utilized to the fullest extent. 
It is admitted that the diagnosis of actmtj’’ in pulmonary tuberculosis from 
the X-ray findings alone is fraught mth possibilities of error. 

In the absence of a complete follow-up stud}' of the cases rejected at the Buffalo 
Induction Station, it is instructive to compare the rates of rejection for pul- 
monary disease obseia^ed in this area nith those recorded bj"- Ehrlich, Schiller 
and Edwards (2) in a studj' based on the examination of 114,130 men from the 
Southern New York Recruiting District. These authors had the advantage of 
a complete dia^ostic study in almost ever}” case rejected. The population 
from which their cases were derived (New York City and vicinity) was similar 
to that on which the present study was based. The men examined in their 
survey, however, were chieflj’’ Selective Service Registrants •nitli a maximuin 
age of 35 (later reduced to 28) and a minimum age of 21. The men from the 
Southern New York area therefore represented, in general, a younger age group 
than those examined in Buffalo. It should be added that the screening methods 
used in Southern New York were 14" x 17" paper roentgenograms in 70 per cent 
and single 4" x 5" photoroentgenograms in 30 per cent of the radiographic 
examinations. 

Comparing the results of the two studies (table 7), it ■will be noted that the 
rate of rejection for pulmonary disease was 2.12 per cent in the Northwestern 
New York Recruiting District as against 1.14 per cent in the Southern New York 
area. The higher rate in the Buffalo area was the result of a greater percentage 
of arrested tuberculosis and of nontuberculous pulmonary disease. As regards 
the prevalence of active tuberculosis there is fairly close agreement between 
the two series — 0.45 per cent and 0.38 per cent, respectively. The slightly 
higher percentage of arrested tuberculosis noted in the Northwestern New York 
District can be attributed to the generally older age level of the men examined. 
The experience reported in tins study, as well as that of the authors cited in the 
Southern New York District, has demonstrated the greater prevalence of ar- 
rested tuberculosis •ndth advancing age. The difference in the rejection rates 
for pulmonary tuberculosis in the two areas was therefore to be anticipated. 

The disparity in the rejection rates for nontuberculous disease, however, 
cannot be so readily reconciled. The disproportion is most striking in those 
diseases wliich are the result of pneumonic or suppurative processes, namely, 
bronchiectasis, pneumonitis, diseases of the pleura and pulmonary fibrosis. 
Since these diseases are closely related in their pathogenesis and etiology, one 
must assume that there is a higher incidence of respiratory infections ■«ith their 
sequelae in the Northwestern New York area. Perhaps this is the result of the 
more severe climatic conditions that prevail in this part of the state. BTiatever 
the reason, the ra'te of rejection for nontuberculous pulmonary disease was 
definitely higher in the Buffalo area. 
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Tlierc is a tendcncj' to regard the discoveiy and the elimination of pulmonary 
tuberculosis from the Armed Forces as the sole benefit to be derived from the 
practice of routine chest roentgenography, while the screening out of other 
pulmonarj' diseases is relegated to a position of minor importance. Such an 
attitude, however, is scarel}’ justified bj>- the experience gained from this anatysis. 
Tlie nontuborculous pulmonarj' diseases, as a group, accounted for the rejection 
of 0.55 per cent of the men examined, ns compared wth 0.45 per cent for active 
pulmonarj' tuberculosis. The significance of the nontuberculous diseases as a 
cause of disqualification for military’’ service, therefore, is not to be minimized, 
and their diagnosis by means of routine roentgenograply must be reckoned as a 
very valuable contribution of the Arm 3 '^ X-raj' program. 

TABLE 7 


Comparison of rales of rejection for pulmonary disease in the southern and northwestern New 

York Recruiting Districts 



EXAMlKtO 

Acr. 

TOTAL 

TDUEBCULOSIS 

OTHEtt 

rULMOKAEY 


SEJECTED 

Total 

Active 

Arrested 

DISEASES 

Southern New York Re- 
cruiting district 

114,130 

21-35* 

1.14% 

1.01% 

0.38% 

0.63% 

0.13% 

Northwestern New York 
recruiting district 

40,283 

18-45* 

2.12% 

1.45%t 

0.45% 

1.00% 

0.55% 


* There were a negligible number of men above this maximum age in both groups, 
t Reinfection typo tuberculosis only. 


CONCLUSIONS 

1. The results of the routine chest radiographic examination of 40,283 men 
with 4" X 5 " stereoscopic photoroentgenograms at the Buffalo Induction 
Station are presented. 

2. Eight hundred fifty-six, or 2.12 per cent, were rejected because of pul- 
monary disease as revealed in the photoroentgenogram, of which 632, or 1.57 
per cent, w'ere for tuberculosis, and 224, or 0.55 per cent, for nontuberculous 
pulmonarj'^ diseases. 

3. The cases of tuberculosis were divided as follows: there were 183 men, or 
0.45 per cent, mth active, or clinically significant tuberculosis; 403, or 1.00 per 
cent, -with arrested tuberculosis; 40, or 0.10 per cent, with primary tuberculosis, 
unstable or healed; and 6, or 0.01 per cent, with lesions suspicious of tuberculosis. 

4. Approximately 40 per cent of the men rejected were deferred temporarily. 
Thus, of the 632 cases rejected for tuberculosis, 258, or 0.64 per cent, were 
temporarily deferred in order to determine the stability of the lesion. 

5. The rejection rate for tuberculosis varied considerably among the four 
categories of men examined, the oldest group showing the highest rate and th6 
youngest group the lowest. The high rate among the older men was the result 
of a greater prevalence of arrested tuberculosis. 

6. The various pulmonary diseases encountered, other than pulmonary tuber- 
culosis, are reviewed. 
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7. Comparison of the rates of rejection obtained at the Buffalo Induction 
Station Avith those obscr\'cd in the Southern New York Rccmiting District, 
Avlicrc all rejected registrants were followed up with a complete diagnostic study, 
showed essentially the same rejection rate for active tuberculosis in both locali- 
ties. There was n somewhat greater prevalence of arrested tuberculosis and a 
considerably greater frequency of the nontubcrculous pulmonarj' diseases in 
the Buffalo area. The greater prevalence of arrested tuberculosis in the Buffalo 
region Avas attributed to the gcncrallj' older age IcA’cl of the men examined. 

CONCI.USIONF.S 

1. Prcs6ntasc cl rcsultado del cxamcn radiogrfifico sistcmfitico del t6rax cn 
40,283 individuos, con cstcrcofotorrocntgenograffas do 10 cm. x 12.5 cm. en la 
Estacidn de Rcclutamicnto dc Buffalo. 

2. A S5G, 0 sea 2.12%, so los rccbaz6 debido a afccci6n pulmonar rcvclada por 
la fotorroentgcnografia; cn G32, o sea 1.57%, por tuberculosis; y cn 224, o sea 
0.55%, por neumopatfa no tuberculosa. 

3. Los casos do tuberculosis sc diAudicron cn csta forma; cn 1S3 hombres, o 
sea 0.45%, habia tuberculosis actu’a o clinicamentc significativa; cn 403, o sea 
1.00%, cstacionada; cn 40, o sea 0.10%, tuberculosis primaria, incstable o cica- 
trizada; y cn G, o sea 0.01%, Icsioncs sospcchosas do tuberculosis. 

4. Aproximadamontc cn 40% dc los individuos rcchaz.ados se aplaz6 tem- 
poralmcntc ol ingreso cn cl cj4rcito; cs deeir que de los G32 casos rcchazados por 
tuberculosis, 258, o sea 0.G4%, fucron aplazados tcmporalmcntc a fm dc detcr- 
minar la estabilidad do la IcsWn. 

5. El fndico de rcchazos por tuberculosis A'arid considcrablcmcntc cn las cuatro 
categorla, dc individuos examinados rcvelando cl grupo dc mayor edad cl coefi- 
cientc majmr y cl mds joven el mcnor. El alto coefiicientc cn el primer grupo 
BC debi6 a abundar mds en cl mismo la tuberculosis cstacionada. 

6. Repdsarse las varias neumopattas descubiertas, apartc de tuberculosis 
pulmonar. 

7. La comparaciGn de los Indices de rcchazo de la EstaciGn de Rcclutamiento 
de Buffalo con los del Distrito de Rcclutamicnto del Sur do NucAm York, en el 
que se sigue observando a todos los inscritos rcchazados y sc hace un completo 
estudio diagnGstico, revclG mas o menos cl mismo Indice do rcchazo por tubercu- 
losis activa en ambas localidades. Hubo una incidcncia algo mayor de tubercu- 
losis estacionada y mucho mayor de neumopatlas no tuberculosas cn la zona de 
Buffalo, atribuydndose esa frecuencia mayor de la tuberculosis estacionada a 
ser en general mayor la edad de los sujetos examinados. 
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MILIARY TUBERCULOSIS OF THE BONE MARROW 

F.Mii, scnLi:i<-iii;i{’ 

Milian’ tin- liiiiuati lanit’ inarrow orpin fnanicntly ononfjli, 

as judp'd liy our autopsy rcrords, that \vc may assuim* that biopsy of lliis orpin 
slionld offrr a nn'ans for doti'ctiiifi a tuborcnions proci’ss. 

Many nirthods have Imm'ii d('vis(>d to «liapios<> miliary tnliiMcnlosis early hut 
aet'orilinp to a riTent editorial by Myeiv (11 •’fifty per rent or more of the diag- 
noses in the ]iast havi' been ])o.ssible only at post mortem." 

survey of the available literature revealeil that Slahel (o) asiiirated sternal 
marrow one day tni/e vinrtfin from a lenninal and known eas(> of p-neralized 
miliary tuberculosis and observeii a tubercle in the section made from the marrow 
clot. Because the tubercle was seen in the marrow of a terminal case the possi- 
bility of usinji the sternal asiiinition mi'thod as a tool for deteefinp a miliary 
process was not seriously considereil by clinical hematolop.sts. I (•}) have 
recently reported a ease of iiernieious anemia and miliary tuberculosis of the 
bone marrow orpin showin^r the value of the .stianal aspiration method and 
.s-ectioninp of };ross sternal marrow units for detecting a tnbercnlons jnoce.ss early. 

It is the inirpose of this pri>liminaiy pajier to pri'.seiit a .series of patients in 
whom tuberculosis per sc or as a complication was not suspected ami thus (n) to 
stimulate interest in the .sinijile and .safe sternal aspiration method among 
students of tuberculosis and (h) to .show that miliary tuberculosis can bo demon- 
strati'd by obtaining from 1 to 2 ee. sternal marrow ami seiially sectioning a 
reasonable number of sternal marrow units. 

The inotliods for ohtainiiiK sternal niarmw and for making histological jirciiarations 
from marrow units arc ])iihlishcd cbcwhorc (2. (i). For the sake of continuitA’, however, 
the procedures arc oiitlineil hero. In the adult the preferroil place of puncture is the 
middle portion of the body of the .sternum at the second costal interspace. In a child 
le.ss than two years of age the tibia may he used. It is imiicrativc that a standard .sternum 
iicwllc is employcfl. Figure A shows the type of needle’ used at the Minneapolis General 
Hospital. 

The skin and iicnostcum are well infiltrated with a local anesthetic. The injected 
area is then mas.saged with a gauze siionge until there is little or no elevation of the skin. 
The distance between the .skin and the .surface of the anterior plate of the sternum is 
determined with the aid of a 22 gauge intravenous needle and the depth marked off by 
placing the tip of the thumb and index finger on the needle. The guard of the sternum 
needle is now adjusted until the needle part has the same length as the marked off part on 
the measuring needle. The. sternum needle is now lengthened another 2 mm. by making 
three full turns of the guard. The latter maneuver takes care of the thickness of the 
normal anterior jilate of the sternum ranging from 1 to 1..5 mm. and assures, at the same 

' From the Depart incnl of Internal Medicine, Minneapolis General IIos])ital, Minne- 
apolis, Minnesota. 

- Parke Davis Fellow in Clinical Ilcnialology. 

’ Made by V. Mueller & Co., Ogden Avc. and Van Buren St., Chicago, Illinois. 
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time, proper depth of the needle in the medullary cavity. The latter, in the adult, ranges 
in height from 5 to 9 mm. and in width from 2 to 3 cm. 

A sudden “give sensation” is felt when the needle enters the medullary cavity. The 
instrument in situ should have the straight part of the guard plate parallel with the sterno- 
inanubrial ridge (angle of Louis), thus assuring a firm embedding of the guard ])late upon 



Fig. A. (Upper left) Sternum needle and correct position of the needle. Inset, variation 
of size of fixed sternal marrow units. 


Fig. B. (Upper right) Section (about five micra in thickness) of a normal sternal marrow 
unit. H. & E stain. 

Fig. C. (Lower left) Section of a sternal marrow unit showing fatty metamorphosis 
and a Hedinger-Askanazy lymph follicle. H & E stain. 

Fig. D. (Lower right) Section of a sternal marrow unit showing a Hedinger-Askanazy 
lymph follicle with a germinal centre. Compare morphology with that of figure 3. H & E 
stain. 


the skin and the needle in the bone and medullar}’ cai’ity. (See figure A.) The stylet 
is then removed and, if its tip is blood-stained or a fat droplet is attached to it, an air- 
tight 20 cc. glass syringe reinforced with a metal adapter is attached to the needle 
head. The plunger is slowly withdrawn and as soon as marrow substance enters the 
syringe the plunger is rapidly withdrawn to the 10 cc. mark and held there until 1 or 2 




MILIARY TUBERCULOSIS OP THE BONE MARROW 


117 


cc. of marrow has been obtained. The specimen is placed immeditely in a paraffin-lined 
glass vial containing heparin^ and mixed well by gently inverting the vial several times. 
The aspirated material is then examined for “marrow units” (marrow particles) by holding 
the vial against a light source and by slowly rotating the vial the units are encouraged 
to stick to the paraffin. Thus they are easily seen; their gross appearance may not only 
be studied but one is assured that marrow tissue has been obtained. Normal size of units 
is 0.5 to 1.0 millimeter. 

The bone marrow specimen is now transferred to a paraffin-coated large watch-glass. 
The units either settle quickly or float. Wliatever the case may be, the fluid part is 
either drained off by slowly tilting the receptable or the units are picked up with a medicine 
dropper. The units should be exposed to a fixing fluid as quickly as possible to prevent 
drying-up of the tissue. Fixing fluid may be poured directly over the marrow specimen 
if the units are few in number or are so small that they are difficult to see. I found that 
10 cc. of neutral formaldehyde, 40 per cent, in 90 cc. physiological sodium chloride solution 
is a suitable fixing fiuid for marrow tissue. The units are exposed to the fluid for at least 
ten minutes. The fixing fluid is then replaced with fresh fluid. Floating units should be 
picked up with a medicine dropper and transferred by it into the fresh fixing fluid. The 
latter should be renewed until the solution remains clear when the units are placed into 
the fluid for final fixation. Complete fixation occurs within one hour. The units are then 
transferred into graded alcohols, 50, 75, 85, 95 per cent, for one-half hour each, and then 
into absolute alcohol, dioxan or acetone, for fifteen minutes. If acetone is used for the 
final dehydration agent, overexposure should be avoided because brittleness of the marrow 
units will result. The specimens are kept in paraffin for one to two hours. The units 
must be well submerged to prevent drying of the tissue. The units are blocked, sectioned 
about five micra in thickness and stained with hematoxylin and eosin. 

Table 1 is self-explanatory. Columns 10 to 13 show (a) the total number of 
sternal marrow units which were selected at random from individual yields, 
(b) the number of units showing tubercles and (c) the type of tubercle. The data 
show that if a reasonable number of sternal marrow units are examined a tuber- 
culous process can be detected. From the data, one may presume that miliary 
tuberculosis is well disseminated in the bone marrow organ. 

Figure A shows the sternum needle in correct position. The inset illustrates 
variations in size of fixed sternal marrow units. For the benefit of those who are 
not familiar with the histology of a marrow unit, a serial section (about five 
micra in thickness) of a normal sternal marrow unit is shown in figure B. It is 
imperative to stress that Hedinger-Askanazy lymph follicles, an example of 
which is shovTi in figure C, are not constituents of the normal human bone 
marrow organ at certain decades (2). The presence of such a structure means 
that pathological processes have created the follicle, but I could not detect the 
beginning of a tuberculous lesion within such a lymph follicle. Occasionally a 
follicle has a germinal centre (figure D). The inexperienced observer may 
mistake this type of follicle for an epithelioid tubercle. It is believed that the 
morphological difference between a lymph follicle irith a germinal centre and an 

* Dog liver heparin lot 152 is recommended or any heparin made according to the formula 
used in preparing lot 152. Made by Hynson, Wescott and Dunning, Inc., Baltimore, 
Maryland. 
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occasionally acliicvod. Fij^uro 2 shows a vcnoits sinus with a tuhcrclo on each 
side. A conspicuous wall of lymphocytes sucrounds the lif'ht staining epithe- 
lioid cells. Serial sections re\Taled tliat they were iiulividual tubercles and not 
l)art of a largo einthelioid tubercle. Figure 3 shows a roiiresentative of what is 
referred to in this paper as einthelioid tubercle. The structure is composed of 
clo.scly packed epithelioid cells, 'riiere may or may not be one or more giant 
cells. Some .small lymphocytes and occasionally a few polymorphonuclear 
neutrophils are dispemed within the ejnthelioid part of the tubercle. A distinct 
wall of .small lymphocytes surrounds the periphery. At or near the marginal 
zone of this lymphoid wall small clustci’s of plasma cells and occasionally eosino- 
phils have been noted. Although accunndation of eosinophils appeam to be 
the exception rather than the rule. A ca-seated tubercle is shown in figure 4. 
The morjihology of this type of tubercle is too well known to warrant a detailed 
description of the histopatholog,v. In the majority of caseated tubercles the 
tubercle bacillus could be demonstrated. 

DISCUSSION 

A survey of the available literature failed to reveal that, miliary tuberculosis 
of the human bone marrow organ has been demonstrated during life ahead of 
tell-tale physical signs, X-ray lindings and other procedures designed to uncover 
this disease. Data derived from jiostmortem material and from terminal and 
knovm cases of pulmonaiy and generalized miliary tuberculosis showed that 
tuberculosis affects the bone marrow frequently enough to justify the use of the 
sternal aspiration method as a means for detecting the disease early. The use 
of a standard sternum needle makes the method a simidc and safe procedure. 

I have not observed any serious injuries to the bone in our hospital. Serial 
aspirations can be done at .short time intervals without great discomfort to the 
patient. Thus the possibility is open to obtain information with respect to the 
course of the disease and by the same token the effectiveness of chemothera- 
peutic agents may be studied in man. Aspirated sternal marrow can be directly 
inoculated into a guinea pig, cultured, imprinted or smeared on a glass slide (3) 
for the demonstration of the tubercle bacillus. Table 1 is self-explanatory. 

SUMMARY 

1. Miliary tuberculosis can be detected early by means of sternal aspiration 
and sectioning of gross sternal marrow units. 

2. The possibility is suggested that the procedure may be a useful tool in 
diagnosis and prognosis in the field of tuberculosis. 

SUMARIO 

1. La granulia piiede descubrii-se tempranamente por medio de la aspiracion 
del estemon y de cortes macroscopicos de m4dula 6sea del mismo. 

2. Es posible que este procedimiento resulte fitil en el diagnostico y pronostico 
en el campo de la tuberculosis. 
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PYOPNEUMOTHORAX ’ 

Treatment of Two Cases with Penicillin 
KENNETH T. BIRD, BORIS P. BUSHUEFF and FRANCIS P. DAWSON 

Pyogenic pleural infection may complicate the course of artificial pneumotho- 
rax. '\l\Tien it occurs, it presents a definite therapeutic challenge in the severely 
ill patient. Although penicillin has no effect in vivo or in vitro on the tubercle 
bacillus, it does exert a bacteriostatic action on many pyogenic infections (1, 2). 

The value of penicillin in empyema complicating pneumonia (3), septicemia 
(4), thoracic surreal procedures and traumatic pneumothorax (5) has been well 
established. 

Fortunately, pyogenic empyema complicating artificial pneumothorax is 
becoming less frequent (6). More clearly defined indications for induction of 
pneumothorax, early abandonment of technically unsatisfactory pneumothorax, 
judicious use of internal pneumonolysis, the use of primary thoracoplasty and the 
increasing availability of competent thoracic surgeons have all contributed to the 
diminishing incidence of this dreaded complication. 

Penicillin, properly used, in pyogenic empyema may constitute the sole therapy 
required or, in the case of mixed infection tuberculous empyema, may be a most 
important adjuvant in total treatment. 

CASE REPORTS 

Case 1: A 35 year old single wliite female secretary was admitted to the Sanatorium on 
November 8, 1944. The patient was admitted to another sanatorium in August, 1939 
with a diagnosis of moderately advanced pulmonary tuberculosis. Left pneumothorax 
was induced shortly after admission because of apical cavitation. She remained there 
rmtil June, 1940. She had continued to receive biweekly pneumothorax refills. Six 
weeks before admission here, ten days after a pneumothorax refill, she suddenly developed 
diffuse left-sided chest pain with associated shortness of breath. She became anorectic 
and febrile. Five weeks, and again four and three weeks, before admission, air (amounts 
not known) was aspirated from her left chest with some relief of dyspnea. No fluid was 
noted on physical examination until two weeks before admission when an estimated pint 
of fluid was removed from the left pleural cavity. One week before admission, one quart 
of thick fluid was again aspirated. 

On admission, November 9, 1944, X-ray examination of the chest was reported as 
follows: On the right, there is fibro-calcific infiltration from apex to tliird rib anteriorly. 
On the left, there is a hydropneumothorax with fluid to the level of the third rib anteriorly 
in the mammary line. There is marked displacement of the heart and mediastinum to the 
right. 

On admission, temperature ranged from 100° to 102° F. and the patient was debilitated, 
weak and anorectic. Sputum remained consistently negative on seventy-two-hour 
concentration smear. 

Aspiration was done November 9, 1944 noth removal of 450 cc. of thick purulent fluid. 
Smear of this fluid showed many gram positive cocci in clusters which, after culture, were 

* From Middlesex County Sanatorium, Waltham, Massachusetts, 
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identified as liemoljdic Staphylococcus aureus. A second asjiiration of 1,000 cc. of thick 
purulent fluid was done November IS, 1944. A pure culture of hemolytic staphjdococcus 
was again obtained. No bronchopleural fistula was demonstrated with methylene blue 
injected intrapleurally. 

The patient was started on 12,500 Oxfoi'd units of penicillin eveiy three hours via intra- 
muscular route. This was maintained for seven days. Daily intrapleural injections of 
20,000 Oxford units of penicillin in 20 cc. of sterile physiological saline after aspiration and 
irrigation with saline were also done during this period. Fourty-eight hours after the 



Chakt 1 


first injection of penicillin, there was a prompt abatement of toxemic symptoms with a 
coincidental fall in temperature. Patient has since remained afebrile. Fluid aspirated 
on the fourth da 3 ^ was sterile and i-emained so. Gradualb^, the aspirated fluid became 
thin and wateiy. Guinea pigs inoculated with concentrated pleural fluid aspirated on 
November 18 and November 26 were both negative for tuberculosis after six weeks. Fur- 
ther intrapleural penicillin was given as shown (chart 1). The left lung has since been 
allowed to completelj' reexpand slowly. The patient has remained well. 

Comment: This patient presumably developed a spontaneous pneumothorax' 
after successful maintenance elsewhere of an artificial pneumothorax for a period 
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of five years and tliree monl.lis. Staphylococcus aureus emiiycina developed. 
No evidence of tuberculous einjjyema was obtained. 'Idiis pyogenic empyema 
was successfullj" treated by penicillin. The collapsed lung was allowed to re- 
expand. Her course has since remained satisfactory. 

Case 2: A 32 ye.ar old white married male iiisumnce agent was admitted to the Sana- 
torium on October 13, 1944 with a diagno.si.s of moderately advanced jmlmonary tubercu- 
losis. The patient considered himself well except for a moderate cough productive of 
2 to 4 drams of sputum daily for the past ten to eleven years. One j’car ago, he develoircd 



Chart 2 


a fistula-in-ano. During the six months before admission he noted increasing fatigue and 
a weight loss of twenty pounds. 

X-ray examination of the chest on admission, October 14, 1944 showed : On the right, 
there is mixed infiltration through the greater part of the upper lobe diminishing down- 
ward. There are numerous rarefied areas in the upper lobe suggestive of poorlj"^ defined 
excavation. On the left, there is mixed infiltration in the third intersjDace antenorl}^ 

On admission, temperature ranged from 99° to 100° F. Sputum was positive. Right 
pneumothorax was successfully induced on October 19, 1944. On November 17, 1944, 
when it appeared pneumothorax would probably be ineffective because of ajneal adlmsions, 
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the patient became ill mth a temperature of 101° F. Fluoroscopy revealed a small 
amount of fluid blunting the right costophrenic angle. The fluid rose above the level of 
the diaphragm coincident with a further elevation of Iris temperature to 103° F. He re- 
mained acutely ill. On November 25 and November 27 air was aspirated from his right 
pleural ca%dty with relief of d 3 ’^spnea wliich had slowly developed. The fluid increased 
and on November 28, 1944, 1,000 cc. of thick purulent fluid was aspirated. Culture 
showed an abundant growth of alpha hemolytic streptococcus. 

On November 30, 1944, 1,500 cc. of purulent fluid were aspirated and 20,000 O.xford 
units of penicilhn in 20 cc. of sterile physiological saline were injected into the pleural 
cavity. At the same time, 12,500 O.vford units of penicillin intramuscularly was started. 
This was continued for flve da 3 's. Aspiration of the chest followed by intrapleural injec- 
tion of 20,000 Oxford units of penicillin was continued as shown (chart 2). By the second 
day of penicilhn therapy the signs of toxemia rapidly disappeared. The patient regained 
his appetite and his temperature returned toward normal. Following the second intra- 
pleural injection of penicilhn the cultures remained negative. Autopsy of the guinea pig, 
inoculated November 28, 1944 with the originally aspirated pleural fluid, was positive for 
tuberculosis. 

After discontinuation of penicilhn, the patient was aspirated every two to five days 
followed by saline irrigations until December 14, 1944, when 1 : 6,600 azochloramid irriga- 
tions were used in an attempt to render the fluid less thick and viscous. Thereafter the 
procedure was repeated every two to three days until January 18, 1945, when the aspirated 
fluid changed to thin greenish-yellow. Successful three-stage thoracoplasty was com- 
pleted May 3, 1945. 

Comment: Early in the course of artificial pneumothorax, this patient devel- 
oped a mixed infection tuberculous empyema undoubtedly due to rupture of a 
pleural adhesion. Alpha hemol 3 iiic streptococcus was isolated in pure culture. 
The response of the pyogenic infection to penicillin was prompt and complete. 
For the underlying parenchymal tuberculosis and the tuberculous empyema, 
thoracoplasty was performed. 


DISCUSSION 

The development of empyema during the course of artificial pneumothorax 
demands prompt and adequate bacteriological investigation. Aerobic and ana- 
erobic culture for pyogenic organisms should be done as well as routine guinea pig 
inoculation and culture for tubercle bacilli. 

Hemol 3 d-ic streptococci, staphylococci and pneumococci, causative agents of 
the most common pyogenic empyemata, are fortunately penicillin sensitive (1,2). 
Because of occasional strain variability and because other organisms may be 
isolated from pyogenic empyemata, routine determination of penicillin sensitivity 
of bacteria isolated, if penicillin therapy is contemplated, should, ideally, be per- 
formed. ‘ However, the bacterial species alone is generally regarded as an indica- 
tion of susceptibility to penicillin (7). If the expected response does not occur, 
penicillin susceptibility determination is indicated. Such determination of 
penicillin sensitivity is easily done (8). Obviously, subjecting patients to vigor- 
ous therapy for infections caused by bacteria not responsive to penicillin is to be 
condemned. 
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Penicillin was used intramuscularly and intrapleurally in these 2 cases since it 
was felt that combined therapy would offer the best opportunity to control the 
debilitating infections. It was also thought that the high tissue concentration of 
penicillin, brought about by parenteral injection (9), might be of value in prevent- 
ing local complications occasionally caused by repeated aspirations. Although 
there is no general agreement as to penicillin administration (1), recent ewdence, 
obtained from a careful stud}' of traumatic pyopneumothorax, indicates that, 
with infection localized to the pleural ca\dty, intrapleural penicillin alone is 
sufficient (5). On the other hand, parenteral penicillin alone mil usually not 
suffice, for adequate therapeutic levels cannot be maintained in pleural fluid by 
this route (5, 10). 

As yet the optimum dosage of penicillin in various infections has not been fully 
established. In fact, "the dosage of penicillin mil vary from one patient to an- 
other depending on the type and severity of infection” (1). The recommended 
dosage of penicillin (as the sodium salt) in empyema varies but, in general, ranges 
from 20,000 units to 40,000 units (intrapleural alone) daily or every other day 
(1, 5). Some have suggested intrapleural penicillin tmce daily in overwhelming 
pyogenic empyema (1). It should be realized that six to eight hours are required 
for a maximmn antibacterial effect of penicillin (11). Thus, too frequent use 
intrapleurally or irrigation of the pleural cavity mth penicillin is misuse. In 
practice, immediately after thoracocentesis, which should be supplemented by 
saline irrigation, penicillin, dissolved in physiological sterile saline solution, is 
injected directly into the pleural cavity. If systemic infection exists, parenteral 
penicillin in adequate dosage is also indicated, for example, 100,000 units daily in 
divided doses. 

The response to penicillin in pyogenic empyema is usually marked, the toxemic 
symptoms disappearing or at least rapidlj’’ abating within twenty-four to forty- 
eight hours j that is, or course, if the causative organism is pem’cillin sensitive. 
But one must be aware of two potential pitfalls. The first is that, although 
there may be an early and dramatic clinical improvement following initiation of 
penicillin therapy, premature discontinuation or inadequate dosage may allow a 
later recrudescence of the infection or, more important perhaps, may allow the 
development of penicillin resistant organisms (12). The latter is most undesir- 
able, for penicillin fastness of bacterial strains is apparently permanent (13). 
The second is the observed fact that thick pus usually persists several weeks after 
clinical improvement and conversion to a sterile fluid (5). However, thoracot- 
omy may occasionally be necessary, especially in the presence of a staphylococcal 
empyema (7). 

Obviously then, repeated culture of the aspirated fluid is important for con- 
tinuation of therapy is guided by the presence or absence of viable organisms. 

Duration of therapy depends upon the clinical response less than upon the 
results of continued bacteriological study of the empyema fluid. Ordinarily, 
several intrapleural injections are required. Penicillin must be ^ven until the 
infection is eliminated. A minimum of three intrapleural injections is usually 
required to effect a cure (7) but more prolonged treatment is often necessary. 
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Penicillin, unlike the sulfonamides, is cfToctive in the presence of pus, necrotic 
tissue or para-aminobcnzoic acid (14). Nevertheless, there is general agreement 
that the supplemental procedure of repeated, often daily, aspiration of the empy- 
ema fluid is essential. Culture of this aspirated fluid ^^’ill thus serve to indicate 
the duration of therapy. 

Reactions caused by penicillin arc uncommon (7). Those, such as thrombo- 
phlebitis or chills with or Anthout fever occurring after intravenous injection and 
local muscle cramps, headache or faintness with flushing of the face or pain at the 
site of injection occurring after intramuscular use, are thought to be due to im- 
purities in the penicillin. These A\ill undoubtedly become e\'^en less frequent 
with the increased purity of penicillin noAV in use. It appears likely that the most 
common reaction folloAring intrapleural injection of penicillin may w'ell prove to 
be transient and unimportant urticaria. In fact, urticaria Avas the most common 
complication encountered in a large series of miscellaneous infections treated by 
penicillin given by A'arious routes (12). Here again, this reaction was thought 
to be due primarilj’’ to toxic impurities. Urticaria may persist for tliree to five 
days and does not interfere Arith continuation of therapy'. True penicillin sensi- 
tiAuty is rare but apparently does not prevent continued usage of the drug (15). 

Finally, the use of penicillin in pyogenic empj'ema developing during artificial 
pneumothorax enables one to treat more successfully this undesirable complica- 
tion. Penicillin exerts no effect on the tuberculous infection of either the paren- 
chyma or the pleura. But penicillin may prevent an otherwise severe and debili- 
tating infection from leading to a prolonged period of incapacitation or often to a 
fatal termination. 


CONCLUSIONS 

Tw'o illustrative cases of severe pyogenic empyema, complicating artificial 
pneumothorax and successfully treated by penicillin, are presented. 

The indications for and the dosage of penicillin in pyogenic empyema are 
discussed. 

It is stressed that the use of penicillin does not supplant the treatment required 
for the control of the tuberculous infection. 

CONCLUSIONES 

Pres^ntanse 2 cases tfpicos de empiema pidgeno grave que complicaba un 
neumotdrax terapeutico y fueron tratados con dxito con la penicilina. 

Disciitense las indicaciones y la posologia de la penicilina en el empiema 
pidgeno. 

Tambidn recudrdase que el erapleo de la penicilina no suplanta al trata- 
miento necesario para cohibir la infeccidn tuberculosa. 
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TRANSCUTANEOUS TUBERCULIN TEST (CORPER) 

Its Evaluation as Compared with the Mantoux Test 
LAWRENCE W. HOLDEN‘ 

Tuberculin testing has been recognized for some time as an essential part of the 
tuberculosis case-finding programs of high schools and colleges. The Mantoux 
test has been generally accepted of recent years as the most reliable, but it 
offers several rather serious drawbacks. The test must be administered by 
trained medical personnel. If the two-dose method is used, studente frequently 
fail to return for the second dose or for the reading of the second dose. Large 
single doses require only one return visit, but the percentage of severe local and 
general reactions runs much higher than with the former method. Some physi- 
cians also fear the lighting up of quiescent tuberculous lesions if a strong reaction 
is produced. The Vollmer patch test, although obviating the mental anguish 
of injection, has the disadvantage of its slow reaction as well as adhesive tape 
reactions occurring in certain persons, and its efficiency may be questioned 
because of its mode of application. 

Corper and Cohn (1) produced a highly potent autolytic tuberculin, which was 
proved to be identical in its biological activity with the purified protein derivative 
(PPD) of tuberculin. In order to obviate some of the disadvantages of the 
Mantoux, Vollmer and other tuberculin tests, this autolytic tuberculin was 
powdered and incorporated into a non-irritating and non-allergizing, transparent, 
liquid preparation which would dry on the skin in a few minutes after applica- 
tion. This has been called “The Transdermal or Transcutaneous Tuberculin 
Test”<2). - ■ . 

Because of the apparently satisfactory results of the transcutaneous tubercu- 
lin test (Corper) as applied to a group, of tuberculous and nontuberculous sol- 
diers (3), it was decided to try it more extensively on student groups. Conse- 
quently, the tests^ were made on several groups of freshmen students entering 
the' University of Colorado in the 1944^-1945 school year. , 

The transcutaneous tuberculin testing material furnished was, a suspension of, 
powdered autolytic tuberculin in a liquid medium. The mixture was found to be. 
stable for at least four months at room temperature. After being stirred up in 
the bottle, by means of a small glass rod, to get the tuberculin into suspension, 
a streak of the "vyet material 3 by 16 mm. was painted transversely on the unpre- 
pared or acetone cleaned skin of the flexor surface of the forearm. The test- 
material required approximately two minutes to dry. The students were in- 
structed to avoid washing the site of application or removing the test material. 
When the students returned in forty-eight hours for the reading of the testa, 
almost all of the dried material was found to be adherent to the skin, even after 

' Director, Student Health Service, University of Colorado, Boulder, Colorado. 

* The tuberculin was furnished by Dr. H. J. Corper, Research Department, National 
Jewish Hospital, Denver, Colorado. 
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bathing. A few of the tests had been removed by frequent water immersion of 
the arm of students who were dish-washers. Occasionally it was found neces- 
sary to remove the dried test material with acetone in order to observe the skin 
beneath it. The reactions which were called positive varied from one or more 
pinpoint, papular, erythematous areas without edema to an erythematous area 
10 by 30 nun. with edema e.x:tending slightly beyond the area of redness. Com- 
plete absence of erythema was considered to be a negative reaction. 

In the following report the transcutaneous tests were compared mth controls 
done with intracutaneous PPD tests. The tuberculin for both tests w'as pre- 
pared from the same original bacillary cultures by Corper and Cohn. Commer- 
cial tuberculin was not used. 

The tests were first tried on a group of students entering the University in July, 
1944. A transcutaneous tuberculin test was applied to the unprepared skin of 
the right forearm, and an intracutaneous test using 0.0001 mg. PPD was injected 
simultaneously into the left forearm. Both tests were read after forty-eight 


TABLE 1 

Comparison of transcntancous and intermediate dose Mantoux tests 


TEST 

NUiTBES TESTED 

NUMBER POSITIVE 

PES CENT POSITIVE 

A) July, 1944: 

PPD 0.0001 mg 

277 

32 

11.6 

Transcutaneous 

277 

1 

27 

9.8 

B) March, 1945: 




PPD 0.0002 mg 

241 

33* 

13.7 

Transcutaneous 

241 

27t 

11.2 


* 14 of these were negative to transcutaneous; 10 out of this 14 showed calcifications in 
the lungs. 

t 8 of these were negative to the PPD; 3 out of the 8 showed calcifications in the lungs. 


hours. Another group of students entering in March, 1945 was tested in the 
same manner, but in this second group the skin was cleaned with acetone before 
application of the transcutaneous test, and 0.0002 mg. PPD was used for the 
intracutaneous test. The results of both groups are given in table 1. 

Since the percentage of positive reactors was lower than anticipated in the 
July group, another group of new students, entering in September, 1944, was 
tested with the transcutaneous and the standard two-dose intracutaneous tests. 
The group was first tested simultaneously Avith the transcutaneous and the intra- 
cutaneous tests using 0.000,02 mg. PPD for the latter. At the end of forty-eight 
hours, all negative reactors w'ere retested with 0.005 mg. PPD. It had been 
planned to retest these individuals simultaneously with the transcutaneous test, 
but, due to lack of testing material at the time, only 96 of the 258 negative to the 
first dose w’ere retested Avith the transcutaneous test. The results are shown in 
table 2. 

The apparent discrepancy betAveen the first and second transcutaneous tests 
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in the group shown in table 2 prompted the testing of another new group in No- 
vember, 1944, by means of two simultaneous transcutaneous tests. One trans- 
cutaneous test was applied to each forearm. An unusually large group of 
entering students caused a lack of experimental test material with the result that 


TABLE 2 

Comparison of transcutaneous and two-dose Mantoux tests 
A) Results of simultaneous tests September, 1944; 


Tests* 

PPDi-f 

PPD.+ 

PPDi- 

PPDi- 

PPDs+ 

PPDj+ 

PPDj- 

PPD.- 


TT,+ 

TTi- 

TTi+ 

TT,- 

TTj-1- 

TTj- 

TT.+ 

TTj- 

Number 

22 

12 

26 

233 

15 

27 

5 

49 


B) Summary of above: 


TEST 

NUMBER TESTED 

NUMBER POSITIVE 

PER CENT POSITIVE 

PPD, (0.000,02 mg.) 

293 

34 

11.7 

1st transcutaneous 

293 

48 

16.4 

PPdj (0.005 mg.) 

96 

42t 

43.7 

2nd transcutaneous. 

96 

20t 

20.8 

PPDj (0.005 mg.) 

162 

52 

32.1 

(No transcutaneous) 




Combined PPD, and PPDj 

293 

123 

43.3 

Combined TT, and TTj 

293 

62 

21.2 


* TTi and TTj = 1st and 2nd transcutaneous tests, 
t Some doubtful positive tests. 

t Fourteen of this number had been negative to TTj. Four were positive to TTi and 
negative to TTi. 


TABLE 3 

Transcutaneous tests alone (^November, 1944 ) 


A) Two simultaneous transcutaneous tests: 

Both negative 211 

One positive and one negative 35 (12.2%) 

Both positive 40 (14.0%) 

Number tested 286 

B) Single transcutaneous test: 

Number tested Number positive Per cent positive 

502 100 19.9 


the last 502 students received onlj’’ a single transcutaneous test. The results of 
both groups are shovm in table 3. 

A summary’- of tests from all groups is given in table 4. 

The transcutaneous test material w'as somewhat difficult to use since it was 
found necessary to keep it constantly stirred to prevent settling of the powdered 
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tuberculin to the bottom of the bottle, ClumpinR of particles of tuberculin was 
noted, particularly when the liquid material became tbiokened from evaporation 
of the volatile solvent when the bottle was opened frequently during use. The 
la.st portion of each bottle had to bo discarded since it proved too thick for use. 
No attempt wn.s made to thin the thickened material with .solvent, and thus 
salvage the residue. 

The higher percentage of reactors observed ^Yith the transcutaneous tests in 
the September and November, 191-! groups as compared with the Julj', 1914 and 
March, 1945 groups is unexplained. This degree of dilTercnce is frequently en- 
countered in different groups in any typo of tuberculin testing. One possible 
explanation for variation in the difTcrent groups tasted with the transcutaneous 
material is the difference in the thoroughness of grinding the tuberculin in 
different batches of material since it had been prepared by hand with mortar and 
pestle. 


TABLE 4 

Summanj of tables 1 to S 


TtST 

taniBt* tTSTKD 

KTUBii Msrm't 

n* ctvT rosmiiT: 

Transcutaneous 

1 ,599 

291* 

18.2 

Mantoux: 

A) Single intermediate dose 




PPD 0.0001 mg.\ 

SIS 

C5 

12.5 

PPD 0.0002 mg./ 

B) Two-doso 




PPD 0.000,02 mg.l 




and [ 

293 

12S 

43.3 

PPD 0.005 mg. j 





• This includes the 35 eases from table 3 which gave simultaneous positive and negative 
reactions. 


Most of the transcutaneous tuberculin tests did not become positive until the 
second day, although those tests tvhich were strongly positive showed obvious 
erythema in from twelve to twenty-four hours after application. In the Sep- 
tember, 1944 group, out of 62 positive transcutaneous tests, 4 were not positive 
until ninety-six hours. How many other such delayed reactions went unnoticed 
is not known. Probably there were not many, ns they would likely have been 
noticed and reported. 

No generalized or systemic reactions were observed with the transcutaneous 
tuberculin test. The strongest reaction seen with this test was in an individual 
who had a previous 3-plus reaction to 0.1 mg. OT. In this case, the transcutane- 
ous test produced an area of erythema and edema 10 by 30 mm. Corper (3) has 
stated that, in frankly active tuberculous soldiere, the transcutaneous tuberculin 
test produced strongly positive reactions with vesiculation of the skin, “but never 
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reached alarming proportions.” Dr. Charles J. Kaufman, at the National Jew- 
ish Hospital, in 1944 found 169 (95 per cent) positive tests in 178 tuberculous 
patients. Recheck of the 8 negative reactors a week later gave 100 per cent 
positive results. A few of these patients showed l 3 nmphangitis, and one showed 
hemorrhage at the site of the transcutaneous test. Dr. Bret Ratner, in a per- 
sonal communication to Doctor Corper, reported both transcutaneous and Man- 
toux tests positive in 21 out of 22 tuberculous children. No severe reactions 
were found. 

The rather high percentage of reactors to the two-dose transcutaneous test 
using PPD seems higher than expected for students in the Rocky Mountain 
region, but it is possibly due to the fact that many of the students come from 
metropohtan areas out of the state as well as to the high purity of the tuberculin 
used. The figure, 43.3 per cent positive, does not differ greatly from that found 
in many other university health services. Canuteson (4) found 40.1 per cent 
positive with the usual two-dose test at the University of Kansas in 1938. 

Chest X-ray films (14 by 17 inch) were taken of all reactors, regardless of 
which test was positive. It was noted that no calcifications were found in the 
lungs of any person positive only to the larger dose of PPD. In the March, 
1945 group of 341 students, 14 out of 33 positive to the intermediate dose of PPD 
were negative to the transcutaneous test. Of these 14 students, 9 showed X-ray 
evidence of pulmonary calcifications. Of the 8 cases having negative intracu- 
taneous and positive transcutaneous tests, 3 showed definite pulmonary calcifica- 
tions. No cases of active tuberculosis were found in this entire series. The 
literature contains many statistics showing the presence of roentgenological 
evidence of calcified pulmonary lesions in a fair percentage of cases negative to 
0.005 mg. PPD. Stiehm (5) found, in students negative to 0.005 mg. PPD, 6 
per cent with calcified pulmonary lesions. Tice (6) foimd, in children negative to 
0.0005 mg. PPD, 18 per cent with calcifications. Others have reported much 
higher percentages. Undoubtedly the finding of pulmonary calcifications, par- 
ticularly in the hilar area, depends largely upon the roentgenologist viewing the 
films. 

It was noted particularly that there were no strong positive (3-plus and 4-plus) 
reactions to PPDo in those cases which had been negative to PPDi. Doubtful 
or suspicious positive tests with PPDi were invariably strongly positive with 
PPDa. No 4-plus reactions were seen in this series. 

DISCUSSION 

The above findings bring up the often asked question of when the dose of a 
given tuberculin becomes large enough to produce nonspecific reactors. Furco- 
low, Hewell, Nelson and Palmer (7) feel that nonspecific reactions are liable to 
occur above 0.0001 mg. PPD and that this dose should discover all active cases 
of tuberculosis. They have shown also that almost all individuals wall react if a 
large enough dose is given. They produce ample evidence to prove that the 
nonspecificity of the tuberculin reaction increases as the dosage of tuberculin is 
increased. Long (8) had previously shown that 94 per cent of his white tubercu- 
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lous pntiont.s reacted to 0.000,02 niR. PPD. On the rontrarj', Stiehm (n) reported 
in 1939 that, if he lm(i n^c^i only the first dose of PPD in his five-year tuberculosis 
program among University of Wisconsin .students, he would have failed to find 
22.5 jier cent of his 71 active c.ascs of pulmonary tuberculosis. About one-third 
of this number had given .suspicious positive reactions to the first do-'o of PPD, 
however. Pos.sibly an intennediate dose wouhl h.ave produced more re.actors. 
Narodick (9) reported that, “of the 332 cn.ce.s of active pulmonarv' tuberculosis, 
10 J (32 per cent) had negative PPDi. Of these 10! c.ascs, 102 (9S per cent) 
rcsponderl to the PPD; te.st.’' 

There arc many variables to be considered in the interpretation of the tubercu- 
lin reaction which is b.a.scd upon tuberculous allcrg\' and not upon tuberculosis 
pcr.se (10). The degree of .scn.sitivcncss to tuberculoprotcin seems to fluctu.ato 
with the activity of tuberculous lesion.*.-, with tlie se.osons, with the temperature 
and circulation of the skin at the .site of the test, and prob.ably mth other un- 
known factors a.s well. Reversal of the tuberculin reaction is not uncommon, 
even in the presence of rocntgcnologic.al evidence of pulmonan' cjilcificafions 
thought to be tuberculous in origin. This phenomenon as well as the entire 
tuberculin testing problem has been thoroughly discu.ssed by Tice (6). The 
tuberculin reaction is difficult to interpret and, at best, should not be taken ns a 
specific test wliich always shows the presence or absence of tuberculous infection. 
In spite of this fact, the tuberculin test is .still cl.a.ssc<l as a vcr>' valuable single 
biologieal test useful in diagnosis and sun-cj-s. 

It is this author’s opinion that the ideal method of mass sun,-cy in college tuber- 
culosis case-finding programs would be yearlj' tuberculin tests of all students, 
regardless of pre\-ious reactions. This would be combined wth yearly chest 
X-ray films, regardless of tuberculin reaction. In this way X-ray films of nega- 
tive reactors would give basis for comparison should the tuberculin reaction sub- 
sequently become positive or suspicious shadows arise in subsequent films. The 
use of 4 by 5 inch or possibly 70 mm. chest X-ray films combined \rith the tuber- 
culin test would reduce the cost of such programs sufficiently to bring it within 
reach of most college health scr\nces. Many states now liave mobile chest 
X-ray units, which are already being utilized for this purpose. 

As a result of the experimental work here presented, it is felt that a more finely 
ground tuberculin than that used would produce more intimate contact with the 
skin and make the test more constant. Possibly sonic vibration would produce 
the desired fineness of the tuberculin which could be more easilj- kept in suspen- 
sion. Putting up the liquid tuberculin in individual dose capillarj' tubes would 
save material and prevent drjing out.’ 

The ease with wiiich the transcutaneous tuberculin test may be given and fre- 
quently repeated as well as the absence of physical and emotional trauma makes 
this test most acceptable to the patient. The inconstant results with the trans- 
cutaneous material used here, however, make its value doubtful from the stand- 

* It is understood that the Transcutaneous Tuberculin Test (Corper) is to be manufac- 
tured by Parke, Davis & Company. 
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point of the physician. It is felt that many more tests with an improved 
product are indicated before the test may be properly evaluated. 

SUMMARY 

The “Transcutaneous Tuberculin Test” (Corper) consisting of the application 
to the skin of a stable, quick-di^dng, liquid suspension of a highly potent auto- 
lytic tuberculin, was compared vith the Mantoux intracutaneous tuberculin test 
done vdth PPD prepared from the same original bacillarj'^ cultures. The tests 
were done for - the most part simultaneously on 1,599 freshmen university 
students. 

The transcutaneous tuberculin test compared favorably vith the Mantoux test 
done with an intermediate dose (0.0002 mg.) of PPD. The transcutaneous test 
produced a higher percentage of reactors than the usual first dose (0.000,02 mg.) 
of PPD but produced only about one-half as many reactors as the two-dose 
intracutaneous test using 0.000,02 mg. and 0.005 mg. of PPD. Two simulta- 
neous transcutaneous tests done on the same individuals in a group of 286 stu- 
dents showed both tests positive in 40 cases and one positive and one negative 
test each in 35 cases. This failure to agree is thought to be due partly to the fact 
that the tuberculin was not ground finely enough to keep it in suspension. Sug- 
gestions for the improvement of the experimental material are given. 

The “Transcutaneous Tuberculin Test” (Corper) at its present stage of devel- 
opment cannot be considered reliable enough to recommend it for general use. 
Further testing of large groups with an improved product is indicated. 

SUMARIO 

Compdrase la “Transcutirreacci6n a la Tuberculina” (Corper), que consists 
en la aplicaci6n a la piel de una composici6n llquida y estable que se seca rdpida- 
mente de una potentisima tuberculina autolitica, con la intracutirreacci6n de 
Mantoux ejecutada con PPD obtenido de los mismos cultivos bacilares primiti- 
vos. Las pruebas se realizaron en su mayoria simultaneamente en 1,599 estu- 
diantes recidn ingresados en la Universidad. 

La transcutirreaccifin se compard favorablemente con la Mantoux ejecutada 
con una dosis intermedia (0.0002 mg.) de PPD, obteniendo un porcentaje mayor 
de reactores que la primera dosis habitual (0.000,02) de PPD, pero s61o obtuvo 
la mitad de reactores que la intracutirreacci6n en 2 dosis; una de 0.000,02 mg. 
y otra de 0.005 mg. de PPD. Dos transcutirreacciones simultdneas ejecutadas 
en los mismos individuos de un grupo de 286 estudiantes resultaron positives : 
en 40 ambas veces y en 35 una vez positive y una vez negative. Segfin parece, 
este desacuerdo se debe en parte a que la tuberculina no fu6 triturada lo suficien- 
temente para mantenerla suspendida. OMcense indicaciones destinadas a 
mejorar la sustancia de experimentaci6n. 

En su actual etapa de desarrollo no puede considerarse que la “Transcutirreac- 
ci6n a la Tuberculina” (Corper) sea suficientemente fidedigna para recomendarla 
para empleo general. Queda indicada la comprobaci6n ulterior de grupos 
numerosos con un producto perfeccionado. 
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ANATOMICAL STUDIES ON HUMAN TUBERCULOSIS^ 

XXI. The Reinfection Complex 
Additional Observations 

KORNEL TERPLAN 
In collaboration with Charles Becker 

In several previous papers (1) anatomical findings were presented proving that 
an exogenous reinfection might result in the formation of a tj’pical tuberculous 
complex (Ranke), similar in every respect to the parenchymal focal lesion known 
as the primary focus and to its associated (regional) lymph node changes. In 
the 10 cases discussed in one of these papers (A^II) the complex of the true 
primary infection was clearlj'' established in a firm stony and partly ossified 
state, while the reinfection complex was of comparatively recent structural age, 
mostly caseated or sometimes in cheesy-chalky condition. These were in- 
cidental findings of no clinical significance. In another group of cases (reported 
in paper XI) only the reinfection had led to the typical picture of a Ranke 
complex, while from the old primary infection no trace was left other than a 
typical healed old primary focus in firmly calcified or ossified state. The 
old primary lesion in these cases Avas found in another lobe than the one con- 
taining the reinfection focus. Also, a few observations on older tuberculous 
complexes of different structural age were added (paper X), and in 2 of these the 
histological analysis of all tuberculous foci in the lungs and in the corresponding 
lymph nodes, found in various stages of regression, suggested the possibility of 
three different periods of exogenous infection. Anatomical findings of a recent 
intestinal reinfection complex were incidentally discovered in one case, that of 
a young Negress who had died in uremic coma of diffuse glomerulonephritis 
(paper IX). It also Avas shoAAm (paper VIII) that the reinfection complex can 
furnish the source for progressive fatal tuberculosis by more or less protracted 
hematogenous spread. This serious complication, however, Avas present only 
in 2 cases out of a total of 29, all of Avhich formed the basis of our preAuous re- 
ports on the reinfection complex. 

The scarce notes in the literature (Hesse, Schuermann and Anders) referring 
to postmortem findings of a recent reinfection simulating a typical primary 
complex have been quoted in our paper on pulmonarj’^ complexes of different 
age O^II)- It Avas mentioned that, in a systematic study of 1,000 cases by 
Schuermann (2), 2 instances Avere included Avith stony remnants of an old primary 
pulmonary complex and anatomical findings in the intestinal tract and the 
mesenteric or mesocolic h*mph nodes representing the less old and still active 
complex of intestinal reinfection. The ages in these 2 cases Avere sixty-tAvo 
and seA'cnty-thrce years. In both there were additional tuberculous lesions 

• From the Dep.'irtmcnt of Pathology, Medical School, UniA'crsity of Buffalo, and the 
Pathologj- Laboratories of the General Hospital and Children’s Hospital, Buffalo, New 
York. 
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found: in kidney, epidid5Tnis and spleen in one, and in liver and angulus Ijunph 
nodes in the other. All these additional tuberculous changes were considered 
by Schuermann to be lympho-hematogenous metastases from the intestinal 
reinfection complex. After describing the anatomical findings Schuermann 
stated, “I .would not dare to explain this case in such a manner were it not for 
the picture of a complete primarj’^ complex in the intestine [a healing tuber- 
culous ulcer in the cecum and several small ulcers in the lower ileum with older 
caseated lesions in the mesenteric Ijunph nodes] and also for the fact that the 
old and the more recent primary complex are in 2 organs with entirety separate 
lymphatic drainage.” It is apparent from the wording of this statement how 
deeply experienced students of the pathologj' of tuberculosis were impressed 
bj’’ an almost dogmatic belief that whatever conformed to the tyTsical picture of 
a primarj^ complex (Ranke) in the lungs or in the intestinal tract was considered 
the anatomical substrate of the first infection only. 

In another paper dealing with the primarj" complex in its relation to the 
various anatomical pictures of tuberculosis, which was published two years 
previously (3), Schuermann already had mentioned that in 9 cases out of 1,000 
a recent complex with or without generalized tuberculosis was seen postmortem 
in the presence of an old primary complex with stony or ossified foci. In one 
of these the anatomical findings were given verj' completely. In all cases both 
complexes w'ere in different organ sj'stems, the recent in the intestine, the older 
in the lung. They were found in 6 cases between fifty-one and sixty-five, and 
in the remaining 3 between sixtj'^-six and eighty years. A few “questionable” 
cases were mentioned also in which the more recent and older changes were 
found only in the lungs. No further detail was given, however, on these findings, 
including the remaining 8 cases with the apparently recent intestinal reinfection 
complex, at that time. In referring to caseated or fibrocaseated lesions in pri- 
mary complex-like arrangement, in cases beyond fifty or sixtj' years of age, 
Schuermann felt they should be suspected to be true reinfections, that apart 
from this recent complex another one nith completelj’^ healed stonj'-ossified 
foci might be present. He seemed reluctant to adnait that a true reinfection 
complex might occur also in jmunger age groups, because all the 9 cases with an 
intestinal reinfection complex were seen only beyond fifty years of age. He 
therefore postulated that it takes about fifty years to complete the cj'cle of 
reactions {Reaktionazyklus) initiated by the primarj' infection, if acquired during 
childhood. He was aware that such a theorj’^ represented a pctilio principH 
until further observations might shed more light on this issue. Schuermann 
stated that he was planning to deal exclusivelj’’ vith these findings in a special 
paper. To mj”^ knowledge no further report was ever published bj’^ Schuermann 
on these matters, apart from a brief reference to 2 different cases obsen'ed a 
few years later, which I quoted above (2). At that time he seemed even more 
inclined to recognize a true reinfection complex, only when observ^ed in a different 
organ system from that in wliich the remnants of the primary complex are present. 
This cautious attitude, I believe, was conditioned largely by the great weight 
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which the views on “endogenous lymphoglandular reinfection” carried at that 
time. 

It is evident from these reports that Schuermann not only had carefully 
observed and analyzed the recent reinfection complexes in the intestinal tract, 
but that he apparently had seen also Ranke complexes of different age in the 
lungs, although he called these latter findings “questionable.” Unfortunately 
we never shall learn more of Schuermann’s original observations to which we 
felt obligated to refer in some detail, as this outstanding tuberculosis pathologist 
has fallen victim to the war. 

In the last five years in the continuation of our systematic morphological 
studies on the pathogenesis of tuberculosis in man, it was no surprise to discover 
a good number of additional cases with a reinfection complex. Such findings, 
we feel, should be considered no longer as an occurrence of great rarity. They 
are listed in table 1, arranged according to age. We have included in this paper 
29 cases. The presence of the reinfection complex is the main issue, as in 7 
cases of this series, just as in 8 cases previously reported PCI) there was no 
corresponding lymph node change to the old primary focus. The complex of 
the recent reinfection, however, was fully established in these cases, with con- 
siderable caseation of the lymph nodes regional to the reinfection focus. This 
series contains also 2 cases with hematogenous tuberculous disease caused by 
the lesions of the reinfection complex. We have selected 7 cases for illustration. 
The anatomical findings of these will be given in some detail. The table con- 
tains the pertinent findings in all cases of this series. 

In the photographic illustrations very low magnifications (ranging about 
between 4 and 8X) are used. As the size of the focal lesions in the lungs is 
given in millimeters, the magnification can be readily measured by the reader. 
They are consistent in each case unless otherwise indicated. In those cases 
in which the roentgenograms taken postmortem are shown, it is indicated on 
the attached outline which are the primary and reinfection complexes. In 
all cases in which these outlines are used, the lettering uniformly refers to the 
components of the primary complex and of the reinfection complex : PF indicates 
primary focus; PL, lymph nodes regional to the primary focus; RF, reinfection 
focus; RL, lymph nodes regional to the reinfection focus. 

It was planned to show the roentgenograms of every case selected for illustra- 
tion. The only reason why we decided to omit most of them was the presence 
of a few firmly calcified structures in various parts of the lungs of nontuberculous 
nature, which in the photograph alone, Avithout the accompanying histological 
pictures, are apt to complicate an otherwise clear and comparatively simple 
issue. We have indicated in the table the location and nature of these small 
calcified structures which, mthout histological examination, would be mistaken 
for calcified tuberculous lesions. I would have preferred to show the micro- 
photographs along TOth the postmortem roentenograms of every single case 
contained in the table. In all, the structural distinctions are very clear and most 
— ^if not all — of them could be used as typical examples of a reinfection complex. 
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Pl^ATK la 

Pl.ATKs la atul i). PF — Firm stony ))riniary focus in the right niiiidlc lohc with coinplolc 
ossciius shell. PL — IJronchopulinonary lymph node regional to the priin.nry focus, contain- 
ing a firm stone surrounded hy hone tis.sue with lymphoid marrow. HF— Heinfeclion focii.s 
in the midporlion of the left lower lohc. firmly ca.'eatetl. with two .satellite tuherclcs at the 
left lower horder. UL-- One of the hronchopulnionary lymph nodes regional to the reinfec- 
tion focus with confluent caseated ronglotnertite tuherclcs. The calcified primary compic.v 
is clearly seen on the X-ray film. P.art of the density ahoiit the hilum of the left lung is 
caused hy tlie ca.sealed hronchopulmonary ami lower tracheohronchial lynipli nodc.s re- 
gional to the reinfection fncu«. 
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tracheobionchial and in tlie anterior mediastinal gioup were veij*^ soft. This reinfection 
focus, as seen in the photogiaph, showed two small atelectatic areas entirely included in 


? 
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the massively cascated lung tissue. There were no tuberculous lesions within the small 
atelectatic islands. A few finger -like protrusions about the capsule pointed to the way of 




tssssss; 


t' 


1 . 



Plate 3. The primary focus in firm, stony state and in hyaline encapsulation, with a 
stony tubercle in one regional bronchopulmonary lymph node, is shown in the corresponding 
area of the right lung. The reinfection focus in the left subapical field shows diffuse casea- 
tion and considerable disintegration with beginning cavitation. Note the large confluent 
caseated tubercles in one of the regional bronchopulmonary lymph nodes. Below and 
lateral to the reinfection foeus is a typical “osteoma.” 




KOi(Ni;i, Tniii’ja.v 


]')() 

(’xh'ii.'-idu, wiiicli liiui led to an iintHtinlly laiui* ^iz^• in Ilii-< icinfacfiiti) It nio.'-t 

pfdltahly had fninicd from gradual fii'-ion of j-cvcral Miialh'r hroiicliial tuliiTclcs- in typical 
acinous arning(*mcnt. In this case there was M-attered Iicmatogcnoiis sccfling, esj)ecially 
in (he liver and spleen, hut also in both lungs, in which a few luhercles were foiuif! in (lie 
.siilipleural areas on both sides. Although they felt faiily firm to the pidji.aling finger, 
they flid not show any c.'dcification on the X-ray pho(oi:fa()h .and proved to be small 
easeated tubercles in fibrous organization. 'I'he postmortem roentgenogram shows a very 
distinct soft whitish shadow in the ari'a of the reinfection focus; (he esterrsive <-ase.ation in 
the left itpper trachrsrbroitehial ami meiliastinal lymph itodr-s is abo very distinct. In 
addition, (he minute stony fragments in the lymph tto<ii*s regional (o the primary focus, 
itself, are very clearly seert. 

.hrst its thert' is occasiottally, itr pritttary h'-iotts, tto compact cotrtigtrorts caseatiotr, art 
outwrrrdly large rr'itrfectiotr focits rrright ittclitdert few ateh'ctatii’ areas freeof rrcttral tulier- 
culous ehattges. 

f’nsr .i: (H. (!. If. ol.'Jl) I’ifty year old whit<“ irrale. (’.atr'-e of death; tiremi.a fttrtn pro- 
gressive arteriolar sclerosis of the kidtteys. (."'ce plate tt) 

This is a very typic.al ease, with two complexes of difTt'rerrt .age. The pritttary comple.x 
consists of a sittgle primary focus at (he hilar level of the right htttg. iit the right U()[ier lobe 
near (he irtteriobar fissitre.- Histologically there is a firitt stotre withitr a thick hyrtliite 
eapsitle, but withorrt botte fornratirttr. Itr the n'giott.al right brottchojrttlttron.'try and upjrer 
tnicheobroirchial lymph ttodes there are several .srttall storry particles. The reinfection 
eoinple.x is forinwl by a well etrcapsitlaterl. chee.sy foetts, (i x 7 mm. in di.ameter, with 
beginniitg cavitrrtiotr, itr the ittfnielavicitlar .area (he left up)>er h>be. with localtzerl ad- 
hesions to the plertni, and by difTttsely ea.seatrsl eonfhrertt conglorrrerate tubercles in the 
regional broitchopttimonary rtnd itpirer tnrcheobronehial lymph itodes. The irhottrgniph 
of the reinfection foetts very clearly .shows its di,sit)tegr.atiott, the ertc.apsttl.atiotr by a thin 
fibrous wall, and — to the left itr the inctrtre- localized (rerifocal sjrread airparerttly within a 
smaller bronchus. 

Again, (he postmortem X-ray jihotogritph .showerl a few ailditiotr.al calciftcrl structirrc-s. 
There was a rortttti whitish shrtdow itr the a|)ieai portiort of the left lower lobe, distirrctly 
larger than that of the primary focits in the opjxisite htttg. This, however, proved to be a 
typical “o.stcoina.” Two other .shtidow-giving lesions, not indicate<l on the chart, were a 
typical ithlebolith iti the subaitical field of the left upjter lobe and a minute hyalitiizdi 
nodule with a ctt.seated core, with itiittimal cent ml chtilky chtittges, in the left apex, causcrl 
by focal extension from the reinfection focus. 

There were a few blood-borne fibrous tubercles of miliary size in liver tind spleen, in 
connection with the reinfection. 

Case 4: (B. G. H. 4839) Fifty -eight year old white mtile. Cau.se of death: carcinoma of 
the stomach. (Sec jilates 4a and 4b) 

In this case the reinfection complex has already reached an adv.ancefl state of firmly 
caseated-chalky rcgre.s.sion. The difference in the structural age, however, is considerable, 
as can be seen from the microphotographs of the lesions composing ])rimary complex and 
reinfection complex. The primary complex is reiJrcsentcd by a mostl}' ossified focus, 10 
.X 7 mm., in the middle thiril of the left lower lobe, and by a few entireh' petrified lymi)h 

-On the diagram shown on plate 3 this focus should have been ])larcd somewhat above 
the level depicted, close to the fissure between middle and upiier lobe. 





Plates 4a and b. PF — Primary focus in stoni^-ossified state with very much bone mar- 
row. PL — A regional bronchopulmonary lymph node in stony-ossified state with some 
marrow'. RF — Reinfection focus firmly encapsulated, in diffuse chalky state. RL — Low'er 
tracheobronchial lymph node regional to the reinfection focus, chalkj'-caseated with active 
tuberculous granulation tissue. 
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surrounded by bone tissue. There is a great deal of bone niai'ioiv, mostly fat marrow, but 
here and there containing a moderate number of lymphoid cell between fine capillaries, 
and anthracotic jiigment. The original jmeumonic alveolar pattern within the firmly 
stony core is faintly noticeable in the heniatoxylin-eosin section. The histological picture 
in the lymph nodes of the old inimary complex is not less impressive. We see compara- 
tively large particles of stony matter, here and there with irregular marginal bone forma- 
tion, or in granular and globular fragmentation. There are hyalinized collagenous and 
edematous fat tissue and masses of lymiihoid cells forming a marrow-like structure be- 
tween the larger stonj’ fragments. Some of these are still entirely encapsulated by collag- 
enous walls. The smaller ones are in an advanced process of fragmentation and 
resorption. 

The leinfection complex consists of a focus, 13 x 15 mm., in firm chalkj' fibrocaseated 
state, in the basal portion of the light lower lobe, and of conglomerated chalky-caseated 
tubercles in the right lower tracheobronchial ljunph nodes. Although the X-ray photo- 
graph gi^'es a rather compact whitish shadow of the reinfection focus, it still was soft 
enough to be cut with the knife. The X-ray photograph of the primary complex and 
reinfection complex would hardly suggest such a great difference in their structural age as 
the microphotographs disclose. All we see is a very firm, caseated-chalkj’^ lesion, well 
encapsulated bj' a collagenous, mostl}' hyalinized wall. Again, there is very limited 
perifocal extension forming a few satellite tubercles around a branch of the pulmonary 
artery, which bulges somewhat into the capsule of the reinfection focus. Similarlj’’, all 
sections taken through the right lower tracheobronchial lymph nodes draining the area of 
the reinfection focus show large conglomerated caseated-chalky tubercles, with active 
tuberculous granulations (epithelioid cell tubercles and many Langhans’ giant cells) 
bordering especially the disintegrated central ai-eas, while the capsules of the larger con- 
glomerate tubercles show considerable hyalinization. In this case there was no evidence 
of any hematogenous spread from the lungs. It should be considered as a “model case” 
of tuberculous comple.xes of different age with the reinfection complex in an already ad- 
vanced fibrocaseated and diffuselj^ chalky state. That the X-ray photographs of such 
lesions might not alwaj's disclose the real extent of structural age difference can be realized 
from a comparison of the whitish shadows in the right lung, which appear unusually 
compact — as seen in diffuselj"- calcified lesions — with those in the left lung where, espe- 
cially in the shadow indicating the primary focus, the fragmentation and disintegration 
and the irregularity of the opaque whitish areas are suggestive of considerable bone for- 
mation with intervening bone marrow. Also, it is of intei est in this case that there is a 
certain degree of symmetry of primary and reinfection complex regarding site and size of 
the focal lesion and the extent of the lymphogenous progression. Naturally, later 
regressive stages would have reduced the size of the reinfection lesion. Findings of this 
nature, which so far were rare chance observations, might suggest that a true reinfection 
will produce a lesion similar in size and extent to the first infection, provided the resistance 
of the host tissue has not changed. Also, these calcified and chalky lesions, when seen on 
the chest film of a patient, especially if accompanied by corresponding calcifications at the 
hilum of each lung, are apt to be misinterpreted as multiple primary complexes rather 
than recognized as complexes of different age. 

Casco: (B. G. H. 5301) Sixty year old white male. Cause of death: Hodgkin’s disease 
of retroperitoneal lymph nodes and spleen. (See plate 5) 

In this case both the primary and reinfection focus are in the same lobe (right upper). 
In some of the lymph nodes draining this lobe we find old and recent changes together as 
indicated in the photograph. It shows caseated conglomerate tubercles throughout most 
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of the node, but in one — to the left in the photogniph — there is a firinlj' enca])sulated 
stone which docs not seem to merge witli the surrounding caseated structures. Also, in a 
few upper tracheobroncliial lymjjh nodes with extensive changes from the old primaiy 
infection, consisting of well encapsulated small stones, there are a few recent fibrocaseated 
tubercles in the centre and — to tlie riglit in the pliotograph — between and around the firm 
stones. The primary focus, located in the lateral upper field, is 3 mm. in diameter, in 
firmlj' petrified and irartly ossified state, with a complete bony shell and irregular scar 
tissue about the lesion (along the upper border of the focus in the photograph). A few 
bronchopulmonary lymph nodes in front of the bronchus draining the right upper lobe, 
and two upper tracheobronchial Ij'mph nodes show extensive calcification. In the his- 
tological picture these nodes contain completely encajrsulated stones and a few fibroca- 
seated conglomerate tubercles, obviouslj' secondary to the reinfection focus. 

The reinfection com])lex is formed b}' an unusually large, firmlj’^ caseated focus, 20 x 25 
mm., at the upper hilar level in the lateral portion of the right upper lobe. The lymph 
node changes regional to this lesion include the bronchopulmonaiy, upper tracheobron- 
chial, paratracheal and angulus lymph nodes of the same side. The}" all show diffuse 
caseation in the histological picture: relatively recent caseated conglomerate tubercles 
without hyalinization. There are also a few fibrocaseated tubercles in the central-most 
bronchopulmonary lymph nodes regional to the reinfection focus. The lymph nodes of 
the venous angle, in particular, contain diffusely caseated conglomerate tubercles with but 
little fibrosis. The histological picture of the reinfection focus (magnified about 4 to 5X) 
shows a caseated tuberculoma in distinct encapsulation with very early chalky changes 
and with a rare satellite tubercle around the focus. In the X-ray photograph it appeared 
as an opaque gra}nsh shadow, not suggestive of any calcification. There were, in addition 
— not visible on the X-ray film — a few fibrocaseated tubercles with central chalky changes, 
about 2 mm. in diameter, in the subapical portion of the right upper lobe, in the lingula 
of the left upper lobe and in the right middle lobe. All of these were, in the histological 
picture, firmly encapsulated fibrocaseated tubercles with minimal central chalky changes. 
One distinctly calcified nodule in the left subapical field pi oved to be a calcified anthra- 
cosilicotic structure. 

All lesions, including all lymph nodes draining the right lung, were e.xamined in this 
case; also eveiy small shadow-giving structure seen on the X-ray photograph. In contra- 
distinction to the 4 cases pre^^ously presented, in this case some of the lymph nodes 
draining the right upper lobe contained both old and recent changes. But, just as in 
some of our cases reported previously in a paper dealing with progressive reinfection, it is 
evident from the entire anatomical analysis that old and recent lymph node changes be- 
long to the two entirely different periods of first and j-einfection. The firm encapsulation 
of the stony tubercles in the few lymph nodes regional to the obsolete primary focus speaks 
against any possibility of so-called endogenous exacerbation. There was but restricted 
focal extension forming a few small fibrocaseated tubercles with minimal chalky changes; 
and, in addition, hematogenous spread to liver and spleen, with a few scattered fibrocase- 
ated miliary tubercles. 

Case 6: (B. G. H. 5207) Seventy-seven year old white female. Cause of death : general- 
ized atherosclerosis, pontine hemorrhage, pneumonia. (See plate 6) 

In this case only the anatomical picture of the reinfection complex was very clear at 
gross inspection. The postmortem X-ray film showed four firmly calcified small nodular 
structures between 3 and 5 mm. in thickness, in right middle and lower lobes ; and three 
more in the subapical portion of the left upper lobe. Finally, there was a single calcified 
structure in the base of the left lower lobe. To none of these, however, was there any 




Plate 5. The primary focus js shown in the uppci field of the right upper lobe, in firm 
stony, partly ossified state, surrounded by scar tissue. The large leinfection focus in the 
lower lateral part of the same lobe. Note the presence of fiimly encapsulated stony tuber- 
cles along with recent caseated tubercles in one of the lymph nodes legional to the primary 
focus (upper field), and the diffuse caseation with one small encapsulated stone in one 
bronchopulmonaiy Ij-inph node regional to the reinfection focus (lower field). 
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Plate C. The primary focus (without corresponding lymph node changes) is shown in 
the lower field of the left lung, in firmly ston 3 ' -ossified state. The reinfection focus is in the 
upper field of the left lung, in soft, caseated, disintegrating state. Note also the diffuse 
caseation in one of the bronchopulmonarj' lymph nodes regional to the reinfection focus. 
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corresponding Ijnnph node lesion seen, neither on the X-raj' film nor at gross dissection. 
It was felt previous to histological analysis that we were most probably dealing with several 
old petrified tuberculous lesions, probably of primary character, without lymph node 
changes. The reinfection complex was typical in every respect, with a large, completely 
caseated parenchymal focus, 10 to 13 mm. in diameter, in the middle third of the left upper 
lobe near the lateral surface. Three regional lymph node groups, including the broncho- 
pulmonary, upper tracheobronchial and paratracheal on the left side, were slightly en- 
larged and diffusely caseated ; in some of them there was soft central disintegration with 
formation of minute cavities. On the X-raj' film the reinfection complex cannot be 
recognized clearly; there is only a very faint density at the site of the focus and about the 
bronchopulmonary and paratracheal lymph nodes. There is no trace of a chalky or calci- 
fied deposit. 

It remained for the complete histological analysis to pi’ove that we actually were dealing 
with a much less complicated pathogenetic problem than the X-ray photograph would 
have led one to believe. Only one of the firmly calcified lesions — that in the base of the 
left lower lobe — ^was a typical obsolete calcified-ossified primai-y focus. All the other 
calcified structures, in the subapical portion of the left upper lobe, in right middle and 
right lower lobes, were anthracosilicotic nodules. The lymph nodes draining the area of 
the old primary focus were not examined histologically in this case; neither on the X-ray 
photograph nor at gross dissection was any tubeiculous lesion seen. A microphotograph 
of the old primary lesion, of the reinfection focus and one of the regional caseated lymph 
nodes is shown on plate 6. The structure of the primary focus is in every respect typical 
for an old obsolete stonj’--ossified lesion. There is some bone marrow, containing anthra- 
cotic pigment, attached to a very firm hyaline capsule in part surrounding the calcified 
core. In this the ling-like bands are cleaily seen. In the photograph of the soft reinfec- 
tion focus there is some evidence of minute central disintegration. Tlie encapsulation 
of the diffusely caseated areas is fairly firm. There are many typical Langhans’ giant 
cells. The histological picture of the large, firmly caseated conglomerate tubercles in the 
regional lymph nodes, all of which were e.xamined, is typical in eveiy respect; they replace 
most of the lymphoid structure. In some of them there is distinct central disintegration. 
In these the material was soft, and irregular cavities were seen grossly. 

There were, in addition, several soft fibrous-cheesy tubercles, mostlj’’ in subpleural por- 
tions of both lungs; also in spleen, liver, kidneys, and a rare tubercle in the myocardium, 
representing a scattered hematogenous seeding from the reinfection complex. 

Case 7: (B. G. H. 5007) Forty-one year old colored female. Cause of death ; miliaiy 
tubcrculbsis. (See plates 7a, 7b and 7c) 

The primary complex consists of a single calcified, well encapsulated focus, Iretween 2 
and 4 mm. in diameter, in the midportion of the right upper lobe, and of two firmly calci- 
fied lymirh nodes in the regional upper tracheobronchial group, one small bean sized, the 
other pinhead sized. 

The left lower tracheobronchial lymph nodes were found completely caseated. Careful 
inspection of the left lung disclosed a well encapsulated, pea-sized caseated focus in tlie 
lower-most portion of the left ujrper lobe just in the angle between anterior and interlobar 
surface within the lingula, with a second, somewhat smaller, similar lesion very close to the 
former and also closely connected with the pleura. There was about one quart of partly 
organized fibrinous and hemorrhagic e.xudate covering the area about the lingula, extend- 
ing toward the mediastinal pleura, and about most of the basal and lateral surface of the 
left lower lobe. A few lentil-sized tubercles were seen in the diaphragmatic pleura facing 





Plate 7a. PF — Primary focus. PL— Two regional lymph nodes. RF — Reinfection 
focus. RL— Sevmral regional lymph nodes. Note the clear evidence of the calcified pri- 
mary complex in the X-raj- photograph. The whitish speck to the left of the upper trachea 
represents a calcified adenoma of the thyroid. Note also the dense diffuse miliary tubercu- 
losis and the atelectatic shadow in the left lower lung field. 
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the left luiiK. There were densely nnunKod miliary tuhorcles in botli lungs. Some of 
the.<e, e.<peoially in tiie area near tire reinfection lesion, wore sliglitly larger than in the 
remainder of the lung. The entire picture was othcrwi.se that of a typical dense miliary 
seeding. There was no gro.ss caseation in any lymirh node grouj) regional to both lungs, 
apart from the left lower tracheohroirchial group. Iiv a few lymph nodes, especially in the 
antenor mediastinum, distinct miliaiy tubercles could be seen with the n.aked eye, and the 
lymph nodes in both venous angles were .^lightly enlarged, suggesting recent tuberculous 
hypcrpla.sia. There was extensive hematogenous tuberculosis of both kidncy.s — with the 
cortical tubercles involving the kidney cair.sules— of the peritoneal .surfaces, liver and 
spleen. Both adrenal glands showc<l conshkn-ahlc caseation and the pcriivortic lymph 
nodes showed tuberculous hyi)crpla.sia. Death was c;uiscd by a typical tidjerculous 
meningitis. 

An epicritic analy.sis of all the gross rmdings revealed a reinfection complex in firm 
caseated state, with the inihnonary focus in close .sub])lcui'al irosition and with extensive 
active tuberculous pleuritis restricted to the left lung, especially markerl about its base. 
The complex of first infection, in the oppo.sitc lung, was firmly crdcified and restricted to a 
small parenchymal lesion and two icgional lymph nodes. The extensive tuberculous 
pleuritis about the left lower lobe seemed to point to the focus of reinfection as its source, 
as this was the only older caseated and bj' far the largest encaj)sulated lesion in the left 
lung. The miliary tuberculosis most jn-obably was caused by the cxtcn.sive tuberculous 
pleuritis. The intestinal tract was entirely fi-ee. Bdiether the j)eritoncal tuberculosis 
was .strictly hematogenous or .secondary to the tuberculous pleuritis could hardly be 
determined. There was no .serous or fibrinous exudate in the peritoneal caAotj'. 

The histological e.xamination included: the primary comjdex in all its components, the 
entire Ijmiifii node chain between the right lung, the angulus lymph nodes and the re- 
mainder of the bronchomediastinal lymph nodes draining both lungs; various sections from 
all lobes and especially the entire area of the reinfection focus, the regional lymph nodes, 
various pleural tubercles from the lingula of the left upper lobe, and the interlobar surface 
and basal area of the left lower lobe with the distinctly thickened jrlcura. Plates 7a, b and 
c show the postmortem X-ray jihotogroph, first and reinfection complex and rejjresentative 
sections of the tuberculous ]fieura and the pulmonary miliaiy tuberculo.sis. 

The primary focus is firmly calcified and surrounded by a hyalinized capsule. There 
is a bud-like hj’aline extension. The surrounding lung tissue shows moderate scaiiing, 
especially at one pole of the lesion, but nowhere is there any active granulation tissue. The 
regional 13 ’Tnph nodes contain two large calcified tubercles within firm hj'aline walls. In 
the remaining Ijmiphoid ti.«sue of this node there are a few hjalinized conglomerate 
tubercles but also recent caseated miliaiy tubercles. This latter finding is obviousl}^ the 
effect of the overwhelming miliarj' tuberculosis. In all ljunph nodes draining the right 
lung the liistological analj’sis revealed small conglomerate tubercles with central caseation 
and occasionallj' small hj’alinized conglomeiate tubercles alternating with more recent 
einthelioid cell tubercles. In none of them, however, are there an}’’ chalkj' or calcified 
changes. The hyalinized tubercles graduallj' blending with epithelioid cell and caseated 
tubercles present a picture frequently seen in lymph nodes draining the site of massive 
tuberculous lesions in prolonged hematogenous seeding. These same findings were present 
also in the right lower tracheobronchial lymph nodes. 

The lesions forming the reinfection complex are shown on plate 7b. The reinfection 
focus consists of two caseated nodules, situated near to each other, surrounded bj"^ a hj^a- 
line wall and atelectatic lung tissue. The pleura above the foci is thickened bj’’ chronic 
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liihorciiloiiH inflainnuifdry j'lnimlations. The lyni])!) iukIok reponai to this area show 
<Ii(Tuse caseation aloiiK witli a few small hyaliiiized coiiKlomcrato tul)eiclcs near the caj)- 
stile. These were tiio only lymph nodes which showed difTnse caseation ; in all otiicrs there 
were only miliary ejathelioid cell tnhcrclcsand a few small hyaline conglomerate tubercles, 
as seen in the lymph nodes draining (he riKht Itmfr. \'arions setdions taken from all !ol)es 
showed a pictnre more or less similar to that seen on ])latc 7c, with faiily recent miliarj’ 
tubercles with central caseation, here and there ftnininK lar^mr tubercles i)y agglomera- 
tion. The distribution of miliary tubercles was the same throughout the right lung and 
in the upper and central portions of (he left upper lobe. In (lie left lower lobe, however, 
which was distinctly atelectatic, the miliary tubercles were fewer in number and com- 
paratively small in size. Several .sections taken through the lingula of the left upper lobe, 
the interlobar surface and base of the left lower lolie — including the tuberculous pleura 
about the atelectatic lung (ussue— showed very .«cvcrc changes of .sjiecifie tulierculmis 
plcuritis with caseated tuliercles and with many epithelioid cell tubercles in tiie jiarcn- 
chyma underneath. In some sections (see (he lower jiicf me on plate 7c) the large number 
of ciiithclioid coll tubercles within the vw-eral jileura was clearly noticeable; aLso the 
iitclcctutir Jiing tksne, the Jjejnwilwgic necrotic c.wibtc rovcriiif^ the phurnl Uihcrcks, 
anti the capillarized granulations between the.«c tubercles and the surface, which was 
obscured by a layer of fdrrinous exudate. 

The visceral and i)arietal peritoneum were .studded with innumerable small tubercles, 
histologically of the tyiiical eiiithelioid cell pattern. There was also recent tuberculosis 
of both tubes, involving the entire muco.sa and part of the scro.sa, obviously of the descend- 
ing type secondary to the peritoneal dis.«cmination. Kidne 3 -s, liver and spleen showed 
uniformlj' recent miliaiy tubercles witli diffuse caseation in man.v of them. In some con- 
glomerate tubercles of the kidnej's there was fiininis organization in their centre. All 
Ij'm])!) nodc.s about the aorta, liver and pancreas, and several retromcdiastinal nodes in 
close topographic relation to the thoracic <luct showed conglomerate tubercles with 
considerable caseation. This was seen al.'jo in a .section taken through a small Ijmiph node 
attached to the thoracic duct. It showed recent caseation involving the duct wall. 
There was extensive caseation in the adrenal glands, more marked in medullaiy portions 
than in the cortex, in which a few nodular regenerates had remained. There were no 
tuberculomata in the brain substance, but the typical gross picture of tuberculous menin- 
gitis. 

Epicrisis: In addition to the components of the old and the reinfection complex 
and various area.s of the tuberculous irlcura of both lungs, with the entire broncho- 
mediastinal l.vmph node chain of each side, all organs were examined histo- 
logicall.y. The tulserculous lesions outside of the lungs were all of a com- 
parativelj' recent state, as were the obviousl.V hematogenous miliary pulmonary 
tubercles. The intestinal tract, apart from the miliary seeding into the peri- 
toneal coat, was entirel,y negative. As the primary complex was in firm, fibro- 
calcified state, and the reinfection focus in the left lung the onl}' large, firmly 
caseated lesion, it was the reinfection which apparentl.y furnished the source 
for the overwhelming hematogenous tubei’culosis. On the basis of the structural 
appearance of both components of the reinfection complex — Ijmph nodes and 
focus — associated with chronic tuberculous pleuritis about the lower part of the 
left lung, it seemed that this hematogenous dissemination was brought about 
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in connection with the extensive tuberculous pleuritis around the site of the 
reinfection focus. 

This patient was admitted with a low grade septic type of temperature and 
signs of fluid in the left chest. There were no breath sound about the entire 
left chest. Fever persisted throughout the entire course of her disease. 11(3- 
peated taps failed to demonstrate tubercle bacilli. Although miliary tuberculosis 
was suspected clinically, three tuberculin reactions were negative, and only 
two weeks previous to the fatal termination the X-ray film became suggestive 
of miliarj'^ tuberculosis. Tj'pical symptoms of tuberculous meningitis were 
present onl}' a few days before death. This patient, a housewife, had been in 
good health all the time until exactly three months prior to her death. 

DISCUSSION 

A re\'iew of the 29 cases with a reinfection complex listed in the table reveals 
the following data relative to age: 4 were in the third decade, 3 in the fourth, 
3 in the fifth, 9 in the sixth, 5 in the seventh and an equal number in the eighth 
decade. In the 2 cases with active tuberculosis, clinically recognized, the 
ages were forty-one and fifty-seven. In all age groups the anatomical picture 
is entirely clear. This especially applies also to the 4 cases found in the third 
decade, between twenty-four and twenty-seven years of age. The structural 
distinctions were just as clear in spite of the fact that in reinfection focus and 
regional Ijnnph nodes chalky changes could be already noticed within the firmly 
encapsulated caseated tubercles. In all of these the primary complex or the 
primary foci were in a completely obsolete state. 

A comparison of the various liistological structures with the X-ray pictures 
revealed that the radiographical appearance of a shadow-giving lesion might be 
misleading as to the true nature of such a calcified or chalkj’’ focus. We have 
found that especially soft, comparativelj'' recent chalk}’’ lesions gave a very 
compact whitisli shadow, suggestive of considerable calcification. In spite 
of this they could easily be cut through their center without any decalcifying 
procedure. 

The structural age distinctions between the lesions of the first and reinfection 
are in most of our cases very clear. In some of them (4701, E-124, table 1), 
however, distinct calcification was also present in the components of the reinfec- 
tion complex, although the bulk of the tuberculous changes appeared still in a 
diffuse soft chalky-fibrous state, occasionally with considerable lipoid debris. 
Focus and lymph nodes forming the primary complex were found in a uniformly 
petrified and ossified state, characteristic of old obsolete infections. That 
advanced structural ages in both complexes might approach each other more 
closely is indicated by case 4587, in which reinfection focus' and regional lymph 
nodes were already in a fibrocalcified state. There was even localized marginal 
bone formation in the lesion designated as the reinfection focus. The primary 
focus was in a uniformly ossified, firm stony state; the regional lymph nodes in 
particular contained very firm stones within thin bony trabeculae. In the 
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IjTOph nodes of the reinfection complex, however, such stony matter had not 
formed as j'et. It is rather surprising that not more cases were found in which 
these structural distinctions were less conspicuous. That regression follows 
the same pattern in the components of a reinfection complex, leading eventually 
to firm stone formation, was alluded to in our previous paper on complexes of 
diflerent age. It is probable, however, that in later life regressive changes in 
tubercles take place at a slower pace than in childhood and early adult life. 
Such an opinion w'as voiced first by Schuermann in discussing the time required 
for calcification and stone formation in postprimary lesions in general, as com- 
pared to the components of the primary’- complex. 

There seems to be no indication from our limited e.xperience at hand that the 
findings of a reinfection complex are restricted to the white race. There are 
2 colored cases included among our total of 29. One of them terminated in 
miliary tuberculosis with tuberculous meningitis. 

Number, location and size of the primary and reinfection foci are given in the 
third and fifth columns of the table. As to the primary foci, they were single 
in 21 cases, in 5 there were two, and in one case there were four foci of identical 
structure. In 2 cases the primary parench 3 nnatous focus was not formd, al- 
though in one of these a minute speck in the X-ray photograph was suggestive 
of a calcified structure. The reinfection focus was smgle in 27 cases, and only 
in the remaining 2 were there two or more reinfection foci. In one of these 
latter there were two foci in the same lobe, in the other there were several small 
focal lesions in the left upper and a considerably larger one in the opposite lung; 
two remfection complexes had formed, one in each lobe. 

Comparing the location of primary and reinfection foci, the following is learned 
from the table: In 18 cases they were in different lungs, in 3 cases in the same 
lung, and in 4 cases in the same lobe. Also, in one of them, included in this 
latter group, there w'as an additional reinfection complex in the opposite lung. 
The remaining 4 cases showed various combinations. There were several 
older foci or two old comple.xes in different lungs. 

A comparison of the size of primarj'^ and reinfection focus reveals the following 
figures: The old primary foci ranged between 1 and 3 mm, in 19 cases; 3 to 5 mm. 
in 8 cases; and 7 to 10 mm. in one case. The size of the reinfection foci is con- 
siderably larger. The follovdng size ranges were measured: between 1 and 3 
mm., 2; 4 and 5 mm., 4; 5 and IS mm., 20; 21 and 25 mm., 3. From the gross 
and X-ray appearance of some of these unusuahj’' large reinfection foci vith 
their diameters between 18 and 25 mm., usually of round or ovoid shape, it is 
probable that they might be discovered incidentally in roentgenological chest 
e.xaminations. Some of the “tuberculomata” diagnosed radiographically 
might, therefore, represent single reinfection foci. Long (4) has mentioned one 
interesting clinical observation in a patient in wliich a reinfection comple-x, 
called by Long a “second” primary infection, could be demonstrated roentgen- 
ologically. This patient had first shown X-ray evidence of calcified lesions. 

His previously positive tuberculin reaction became, in the course of further ob- 
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servation, negative. With the radiological appearance of a reinfection “of the 
primary type,” the tuberculin reaction became positive again. 

As was to be expected, there is no noteworthy difference in the location of 
primaiy and reinfection foci in regard to the different lobes. In the left upper 
there were thirteen primary foci and ten reinfection foci. The corresponding 
figures for the left lower lobe are four and eight, for the right upper twelve and 
five, for the right middle three and six, and for the right lower three and two. 
The upper-most portion, the so-called apex, of both upper lobes was in no case 
the site of either the primary or the reinfection focus. If we consider the loca- 
tions in their projection to the upper, middle and lower field in each lung, our 
figures quoted above read somewhat differently. In the left upper field there 
were five old foci and four reinfection foci. The comparative figures for the 
right upper field are six and three, left middle field eight and four, right middle 
field twelve and eight, left lower field four and ten, and for the right lower field 
0 and two. In this hmited group it appears that there were more reinfection 
foci in the middle and lower fields than in the upper fields. The location of 
primary focus and reinfection focus was found at fairly symmetrical levels of 
both lungs in 12 cases. 

In regard to the lymph node changes within the primary and reinfection 
complex, it should be stated first that in 7 instances there were no regional 
lymph node changes to the primary focus or foci. The reinfection complex in 
these cases included one lymph node group in 2, two lymph node groups in 3, 
and three lymph node groups in the other 2 of these 7 cases. In the remaining 
22 cases the extent of the tuberculous changes in the tymph nodes regional to 
the primary and reinfection focus or foci was about the same in 14 cases. In 7 
it was greater in the reinfection complex, and only in one the lymph node changes 
were more extensive in the primary complex. 

As to additional old lesions apparently in connection with the primary complex, 
there were positive findings in 2 cases only, in one of them a calcified-ossified 
tubercle in the opposite lung (case 5123). In this case the primary focus was 
not found, but Ijunph node changes and also a minute speck on the X-ray 
pointed to the right middle field as the area of the primaiy complex. In the 
other case there wa's localized focal extension to the apex of the same lobe in 
which the primary focus was found. The primary lesion was in the subapical 
field of this lobe. Apart from these two findings, there was no evidence of old 
calcified or stony tubercles, either in the lungs or in other parenchjrmatous organs 
as far as this could be decided bj* careful gross dissection. 

Additional findings in connection ndth the reinfection complex were more 
prominent. All these, including focal e.xtension and clearly hematogenous 
tubercles in the lungs and in extrapulmonary organs, are listed in the last column 
of the table. There was recent perifocal spread within small bronchi around 
the reinfection focus in one case; to the apical area of the same lobe — the reinfec- 
tion focus being in subapical position — also in one case; wit hin both lobes of the 
same lung, from two reinfection foci in the left lower lobe also in one case- to 
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the opposite lung only in 2; and to both lungs in one. This focal extension -n-as 
in general restricted, leading to small bronchial and peribronchial tubercles of 
the same fibrocaseated or caseated-chalky structure as found m the reinfection 
focus. A few of these additional lesions were of very small size and therefore 
appeared in a more advanced 6brous organization than the reinfection focus. 

In 2 cases of our series there was tuberculous pleuritk around the reinfection 
focus; in both the focus was in basal location. In one of them the pleuritic 
exudate was already in an advanced state of organization. This was an en- 
tirely incidental finding which was not recognized clinically (case 4689). In 
the other, although the pleuritic exudate was in part already organized, there 
were many caseated pleural tubercles about the reinfection focus and the ad- 
joining basal areas vdth hemorrhagic exudate, associated nith generalized 
miliarji^ tuberculosis. Anatomical and histological analysis pointed to the re- 
infection focus as the source of this tuberculous pleuritis. 

Apart from the last 2 cases with active tuberculosis recognized during 
life, scattered miliary hematogenous tubercles were found incidentally in 9 cases 
of this series. The histological structure of all of these pointed clearly to the 
reinfection complex as the source. They were in the liver and spleen in 5 cases, 
in recent caseated fibrous-cheesy or — ^in one instance — in chalk}'--fibrous state; 
in liver, spleen and both lungs in 2 cases; and in both lungs, liver, spleen, and 
kidneys, and myocardium, respectively, in 2 cases. In all of these last 4 cases 
the tubercles showed a relatively recent caseated or fibrocaseated structure. 
These findings of scattered hematogenous tubercles, especially in the liver, spleen, 
kidneys and in the lungs, are in line vith our previous experience in a few cases 
of late primarj^ tuberculous infections, as reported in one of our previous papers 
(VI). 

We have listed in the last column of our table, among additional findings, 
also such structures which by their radiographical appearance can be mistaken 
for calcified tubercles. As we have stated, in one of these cases (no. 5123) 
such foci might give an entirely false topographic impression of the components 
of the primary complex, or might appear as additional foci of primary character, 
vdthout direct relation to the complex. Only after the true nature of all these 
calcified structures was disclosed by histological examination, was the identity 
of the primary focus or foci in their relation to the primary complex really 
unmasked. The size of most of these calcified or ossified lesions was not smaller 
than that of the true obsolete primary foci. It is essential for an accurate 
analysis of pathogenetic problems posed by tuberculous lesions in the lungs that 
all such calcified stony or osseous lesions, as found at dissection and especially 
on the postmortem X-ray film, should be examined without exception. There 
were, in 8 cases, calcified anthracosilicotic structures vfithin small intrapulmonary 
IjTuph nodules. They were found in the upper and hilar levels of both upper 
lobes, including the area near the apex, but also in the right middle lobe and in 
the right lower lobe. Calcified anthracosilicotic stmctures in bronchopulmonary 
and tracheobronchial lymph nodes were present in 3 cases, “osteomata’' in 7, 
and phleboliths in 2. It has been found in our e.xperience, in several hundred 
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cases sj’^stematically studied, that these small “osteomata” can occur also as 
single sti-uctures and not necessarilj’’ in multiple fashion as stated in the literature. 
More will be said as to the relative frequency of these intraiilveolar osseous struc- 
tures and their relation to certain diseases in one of our forthcoming papers 
dealing with calcified and ossified structures of nontuberculous origin. 

In the epicritic discussion of the individual cases presented in our previous 
papers on the reinfection complex (1) it was pointed out why the morphologic 
analysis permitted of no other conclusion than to consider the additional Ranke 
complex as the result of a true reinfection. It was the anatomically healed 
(obsolete) state of the primary complex oi’ — in some cases — of the primar}’' 
lesion restricted to the pulmonarj'^ parenchyma, the absence of anj’^ other older 
lesion which might have formed an endogenous link, and especiall 3 " the anatomical 
picture of the second, structurally less old or comparativelj'' recent, tuberculous 
complex which pointed to but one pathogenetic mechanism: a true exogenous 
reinfection simulating the classical primary complex (Ranke). In the cases 
previouslj' reported as well as in the new series presented in this paper, the 
distinction in the structural age between the components of the primary' complex 
and of the reinfection complex suggested stronglj’’ that the latter was acquired 
at a much later time than the former. In fact, the conclusion seemed to be 
permissible that the old primary complex was apparently in a completely healed 
or in a progressively healing state when the reinfection occurred. The obsolete 
petrified or firmly hyalinized encapsulated remnants of the first infection had 
remained, but these and whatever additional lesions had formed in connection 
with the primary infection were total scars, devoid of specific granulation tissue. 
That additional exogenous infections might lead to the establislunent of a new 
reinfection complex, at a time when the firmty petrified or ossified state is not 
as j'et reached, was seen in verj' few instances in our material. One of these 
was reported in paper XI (1), in the first case (pages 156-161). It was a com- 
bination of an old obsolete calcified -ossified focus, a reinfection complex in diffuse 
chalky state in firm encapsulation, and a more recent, additional complex with 
a locally progressing cheesy focus and recent cascated tubercles in the regional 
lymph nodes. This latter complex was interpreted .as the result of a super- 
infection In one of our cases included in this series, the oulj" one with over- 
whelming miliarj'^ tuberculosis, primarj' focus and regional h'mph nodes had not 
as j'ct reached the firm stonj' or ossified state, although thoj’ were calcified and 
firmlj’ encapsulated bj' hj'alinc tissue. 

1 ho criteria, then, used in correlating the structural ages of the various lesions 
of the primarj' with those of the reinfection complexes arc stricth* relative or 
conqiarativc. Thej' have been used for a long time bj- p.athologists intcrcstctl 
primarily in the pathogenetic anah’sis of tuberculous lesions. It luus been an 
elemont.arj- concept of tuberculosis pathologj- that a soft cascated focus is j’ounger 
than a firm fibroc.ascatcd, chalkj' or calcified one; that it gradually changes 
tiirough various phases, including chalky regressions, partial or complete fibrous 
oi^aniration, more or less firm calcification, stone fomintifin and ossific,'ition. 
Hu' reader is referred to our general discussion of the criteria of structural age 
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difference in one of our previous papers on recent primary tuberculosis in adults 
(VI, pages 88-90), and to our discussion of Bloch’s paper on radiographic- 
pathological correlation of tuberculous calcifications in the lung (5). 

We have presented our anatomical findings on the reinfection complexes in 
all necessary detail. Inasmuch as in most of these cases they were not com- 
plicated by chronic tuberculosis of the lungs or other organs, a complete patho- 
genetic and morphologic analysis could be carried out. Such findings of re- 
infection complexes in the lungs, documented by detailed roentgenological, 
anatomical and histological study of all lesions present, were formerly not known. 

It was only by careful anatomical observation and dissection that our knowl- 
edge of the primary complex was obtained. As Schuermann stated, the work 
of Kuess and Ghon on the primary complex became of such importance only 
because their findings were presented in complete detail which, in contradis- 
tinction to the reports of others (to mention especially E. Albrecht, Foedisch, 
H. Albrecht, Hedr^n) could be checked in every respect. Only in Ghon’s 
and Kuess’ work were ail characteristic features of the anatomical changes— 
which later became Icnown as the primary complex — strictl}'’ observed. Ee- 
gardless of what we eventually might learn of the clinical significance of the 
reinfection complex in its relation to the pathogenesis of tuberculosis in general 
— so far the number of cases with progressive pulmonary tuberculosis in connec- 
tion with the reinfection complex was comparatively small — exact morphologic 
research is just as essential in this field as it was in the classical anal3’'sis of the 
primary tuberculous infection in children by Kuess and Ghon. It should in- 
clude each and every single lesion of the first and reinfection complex. 

From the data given in case 128 in the book of Sweany entitled Age Morphology 
of Primary Tubercles (6), it is obvious that the anatomical picture was greatly 
complicated by large cavities in both upper and the left lower lobe. Wliether 
or not this chronic progressive pulmonary tuberculosis in a female, twenty-six 
j'ears of age, was initiated by a true reinfection complex cannot be stated with 
any degree of certainty from the anatomical and histological findings given. 

Of five calcified lesions, only three Avere examined histologically. Nothing is 
said about the relation of these calcified tubercles to the cavities and the probable 
structural age of the latter. In addition, of the calcified lesion in the left upper 
lobe, which Avas the largest of all (4 mm.), and of the regional hilar node, no 
histological data arc given at all. SAA'eany^’s interpretation is that tAA'o calcified 
lesions, one (3 mm.) in the right loAA’er, the other (2 mm.) “near the hilum” 
(AA'hether in a Ijunph node or in the lung tissue is not stated), declared a “7-year 
type,” represent a repetition of a primarj’^ complex AA'hich had occurred j'cars 
after a tiny (2 mm.) and much earlier primary' lesion in the left base, declared 
as an “18-year type.” (This latter reference is not entirely clear; it most prob- 
ablj' should read “the” small lesion in the left base instead of “one” small lesion.) 

As S\A’eanj' has stated (p. 77) that the process of bone formation may advance 
faster in tubercles 2 to 3 mm. in diameter than in larger lesions, there is cA'en 
less reliance on the correctness of specific age estimates, if applied — as in this 
case — to calcified tubercles beloAv the size declared best suitable for his “age 
formula.” 
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I luivc cited tliis case not onl}’ in order to contrast its analysis, obviously in- 
complete, Avitli the material on proved reinfection complexes, but also for the 
following reason: In discussing the structural age difference of the three histo- 
logically examined calcified lesions Swean}’, in referring to a “repetition of a 
primary complex," states that “this phenomenon has been described by Terplan, 
and I have observed it occasional!}', although it is difficult to find adequate 
evidence to prove it." In the review of Sweany’s book (7) I mentioned the case 
quoted above not because I did consider it as a clear example of a reinfection 
complex — extensive cavities considerably complicated the picture — but to 
call attention to Sweany’s reference to the reinfection complex which I had 
described, stating “. . . curiously, exactly for this phenomenon [meaning a com- 
plex of reinfection] for which the different slruelnral age is the deciding iss!ue, 
he [Sweany] claims it difficult to find adequate evidence for proof.” His book 
was published in 1941. 

In the September, 1942 issue of the American Review, however, in a paper 
entitled Age CHaracterislies of Tubercles (S), Sweany presents a very different 
view. Now he declares, “Not infrequently, perhaps even commonly, there 
are reinfections simulating the primar}' complex.” Then he refem to Schuer- 
mann’s and especially my own description of the reinfection complex, and con- 
tinues, “No doubt many of these are virtually primar}' lesions because the true 
primar}' was so slight that it caused little basic change in the host. The only 
reason they are not accepted readily is because of the difficulty in proving their 
true nature.” Then he advocates the application of the “age-morphology pat- 
tern, ... as this 'SN'iH help to recognize more of these infections.” 

To this it should be stated that our knowledge of the intestinal reinfection 
comple.x is based almost entirely on 11 cases of Schuermann. As to the pul- 
monary reinfection complex, there are, apart from our own findings (1), no other 
adequately examined anatomical reports. I do not know, therefore, on what 
authority — aside from these reports — Sweany’s statement as to the possibly 
common frequency of the reinfection complex is based. It could not be derived 
from his oMm material as far as this has been published. What the relative 
frequency of the reinfection complex is we cannot state at the present time. The 
material analyzed by myself is not large enough in this respect, but relative to 
the pulmonar}' reinfection complex, ours are the only figures available (apart, 
perhaps, from 4 instances briefly mentioned by Hesse, to which I referred in 
one of our previous papers (1)). War conditions did not permit examining 
systematically our entire postmortem material in the past five years. Any 
attempt, therefore, to relate the number of cases in which reinfection complexes 
have been demonstrated to the number of postmortem examinations performed 
during the same period could easily give an erroneous impression. It is intended, 
however, to discuss this problem in its proportion to reinfection in general in a 
special paper dealing exclusively with the pathogenesis of active tuberculosis 
as found in our material. 

What we first need, then, is careful anatomical dissection and analysis of a 
larger material because so far the anatomical findings are the only absolute 
proof of the reinfection complex. It is frequently not in agreement with our 
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findings to assume that the primarj’- infection was "slight” whenever a reinfection 
complex has developed in the same case. In an anatomical sense, the remnants 
of the primarj' infection in these cases are not different from many other closed 
primarj'- complexes as seen in general routine postmortem exammations. In 
one of our observations, previously reported (IX) (1), the primarj' pulmonary 
complex had caused diffuse tuberculous peritonitis and ophoritis. The deciding 
issue is that the primarj’’ infection — in these cases — ^had apparently completely 
healed and that its bearer was exposed to a reinfection. 

In most — ^if not all — of our cases which we have presented in pre'vious papers, 
the anatomical findings were clear and the difference in the structural age of 
the lesions in question was very* distinct. This, alone, enabled us to present 
them as reinfection complexes. Their nature, we believe, has been proved 
bej’ond any doubt and their anah'sis was comparativelj' simple, as can be learned 
from the individual case reports. I do not know, therefore, in whose name 
Sweany speaks when he stated that "they are not accepted readily.” liTiat- 
ever is generally knonm to the student of tuberculosis pathologj* of the relative 
differences in the structural age of tubercles is entirel}' sufficient m the patho- 
genetic analysis of reinfections, presenting the picture of a Ranke comple.x. 
This comparative analysis alone has been used throughout our pathogenetic 
studies of the various tj-pes and combinations of primarj* and postprimarj' 
tuberculous lesions. The heading selected for our first paper (1), "Comple.xes 
of Different Age,” indicates that the relative age estimates used hy this strictly 
comparative approach were thought sufficiently reliable. I\'Iy attitude to the 
arithmetical tj-pe of computing the ages of primar3’' tubercles, as introduced by 
Sweany, has been clearly stated in the review of his book. With regard to the 
topic of our discussion — ^the reinfection complex — ^we feel that the anatomical 
facts presented in this field appear satisfactorily documented and that there is 
no need for a specific "age formula” to make such pathogenetic studies more 
successful. 


APPENDIX 

To Sweany ’s repeated claim (S) that "the conception of the age-morphology relationship 
is essentially new,” I shall cite only a few facte not in agreement with this claim — ^presented 
in such a general form — from an admirably’ thorough historical account of the gradual evolu- 
tion of our knowledge of primary’ tuberculosis, as given by Schuermann (3). Ribbert re- 
ferred to encapsulated calcified foci in the lynph nodes of children and adults as the oldest 
lesions and called them, therefore, primary'. Also, to Lubarsch and Pollack the stony struc- 
tures in various lymph nodes and in the lungs indicated a relatively’ old age, and ossification, 
in particular, was looked upon as probably the oldest of the regressive metamorphoses of the 
caseated tissue. Kuess, too, stressed the relative oldest structure in various of his cases. 
Ranke pointed to the calcification and eventual complete petrifaction of the caseated tissue 
as something very regular. The stony’ remnants of the primary complex might persist for 
years or decades without being conspicuously changed. In Ghon’s work the criterion of the 
"oldest age” was used in his pathogenetic studies, together with the anatomical picture of 
the primary complex. In a paper published together with Pototechnig, he frequently dis- 
cusses the limitations of the age determination on the basis of structure alone. .As to pri- 
mary infections in early adult life, Ghon pointed out that the quicker and more completely 
they heal the more difficult it must become to differentiate them from the obsolete scars of 
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any primary childhood infection. That the components of a primary complex might not 
necessarily heal at the same pace was pointed out by Huebschmann. The lymph nodes 
might still persist in a less obsolete state while the primary focus is already firmly calcified 
or even ossified. 

Schuermann, in analyzing his own material of 1,000 cases, found that the tendency to 
caseation and comparatively rapid calcification helped to utilize one, “in general not very 
safe,” criterion of relative age. The use of this criterion, together with the observance of 
the topographic relation of the components of the primary complex, was instrumental in de- 
termining the portal of entry in 95 per cent of all cases from all age groups. Schuermann, in 
addition, deals, in a special paragraph (of 25 pages), exclusively with the age of the foci 
forming the primary complex. In the table in which the various stages of these lesions are 
presented the sequence pointing to the gradual aging is as follows: noncaseated, caseated, 
older caseation, caseated-chalky and petrified — this latter term including firm calcification 
and ossification. At various occasions Schuermann mentions the age factor in comparing 
focus and lymph nodes forming the primary complex. From some individual case reports 
presented in his material, it is also clear that bone formation was looked upon as a state 
which was preceded by firm calcification. It is in this paragraph that Schuermann, for the 
first time, calls attention to the intestinal reinfection complex. Yet, it is said of Schuer- 
mann that “though he actually showed that the presence of bone [in focus or lymph nodes of 
the primary complex] increases in the older age groups" he did not attempt to ‘ ‘ establish any 
relationship of age to morphology.” 

In the same connection, Sweany, in regard to “ the age-morphology relationship” refers to 
Grethmann, who, he claims, dogmatically denied any such relationship. The paper of 
Grethmann (9), quoted as basis for this claim, deals exclusively with the pathology of acute 
disseminated miliary tuberculosis, but not at all with the primary tubercle. In this study, 
presenting a very thorough histiogenetic analysis of the acute interstitial miliary tubercle in 
lung tissue, Grethmann points to the difficulties of determining exactly the age of tubercles 
in a disease of relatively short duration. If such a morphologic criterion of age, as a dis- 
tinctly established capsule, readily staining with van Gieson, with more or less pronounced 
hyalinization, was correlated with the known clinical data, it was found that these fibrous 
capsules could be demonstrated already in cases in which the duration of the clinical disease 
was very short. In agreement with Weigert, Arnold, Benda, Tendeloo, Hartwich and 
Korteweg, Grethmann stated that morphologic criteria, even in a disease of such a limited 
duration as acute disseminated miliary tuberculosis, are rather crude, and the age of this 
disease cannot be exactly determined. Mistakes by several weeks might be made in a dis- 
ease lasting from between two and eight, or two and eleven weeks, if both types of acute 
disseminated hematogenous miliary tuberculosis — the exudative miliary and the productive 
miliary — are included. 

My own attitude to this “age-morphology conception” is not different from that of Ghon 
and Schuermann. It is inconsistent to claim that I “apparently” deny any relationship 
between structural changes and the age of a lesion, and then to quote, only a few pages 
farther on in the same article, my contributions to the reinfection complex, for the clear 
establishment of which differences in the structural age are the deciding issue . “Essentially 
new ’ is, as stated in the review, only the attempt to absolute age estimates of a primary tu- 
bercle in the various phases of regression, especially in terms of specific numbers of years 
applied to each of those stages. The author’s admission that his age formula is perhaps too 
complicated for common use is difficult to be reconciled with advocating its general adoption. 

^ Sweany calls it a “grave misapprehension and a careless quotation” when I stated that 
his monograph was based on postmortem material exceeding 900 lung specimens. In pre- 
senting his plan of study, he e.xplains in detail how the postmortem roentgenograms were 
taken, how the calcified lesions were studied, located, recorded, sectioned, etc. Then he 
states literally (page 17), “after working up over 900 specimens bi' this method,” etc. I 
neither assumed nor stated that all 900 cases were tabulated. They certainly were “worked 
up” by the method described in the plan of study, from which I quoted. My criticism, how- 
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ever, that progress in our knowledge of tuberculosis is belter served by more thorough 
analysis of a smaller material naturally includes the material listed in the tables. In a 
morphologic work of the type presented by Sweany, any number given as an “average fig- 
ure” of lesions which were examined has no meaning, nor can one agree on which calcifica"- 
tions are “important." Each case is a problem in itself, because extent and number of 
lesions, including the calcified tubercles, varj’’ widely. But all of these are important and 
have to be examined in a study of this nature if we want to expect unequivocal data, regard- 
less how much one might disagree on their interpretation. 

Sweany also objects to these errors; I quoted 11 mm. instead of 12 mm., and 30 cases in- 
stead of 27. It is obvious from the recheck of the original copy of my manuscript that these 
are printing (not typographical) errors w'hich I could not correct as I had no opportunity to 
proof-read the review. In my copy it is 12 instead of 11 mm., and “about 30” instead of 27 
cases. These errors are regrettable, though quite insignificant. 

smmARY 

The detailed anatomical findings in 29 additional cases of pulmonary reinfec- 
tion complex are presented. In all, obsolete remnants of the primary pulmonary 
infection could be demonstrated, consisting in 22 cases of typical stony-ossified 
scars of the primary complex, while in 7 the}' were restricted to a single paren- 
chymal focus. In only 2 instances tuberculosis disease had developed in con- 
nection ndth the reinfection complex, with tuberculous pleuritis, miliaiy- tuber- 
culosis and tuberculous meningitis in one, and mth selective hematogenous 
tuberculosis of the tongue and adrenals in the other. Age, sex, race; size, 
location and structure of the primary and reinfection foci; extent and structural 
state of the corresponding lymph node changes regional to both primary and 
reinfection foci; additional tuberculous changes caused by either the old primary 
or the more recent reinfection; and all calcified or ossified lesions of nontuber- 
culous origin in the lungs and bronchomediastinal lymph nodes are tabulated. 
Seven illustrative cases, including one wth progressive hematogenous tuber- 
culosis, are described. 

Complete histological analysis of all calcified lesions is mandatory, as silicotic 
nodules in the intrapulmonary and bronchomediastinal lymphoid tissue, intra- 
alveolar "osteomata” and phleboliths might give — ndthout histological control ^ 
an entirely erroneous impression regarding nature and topography of the com- 
ponents of the obsolete primary complex or of additional old postprimary tu- 
bercles. There is no noteworthy difference in the location of primary and 
reinfection foci in regard to the single lobes of both lungs; in their projection 
to the pulmonary fields, however, the middle and lower fields appear as a pre- 
ferred site for the reinfection foci. The difference between the sizes of primary 
and reinfection foci is distinct. With one exception, the old primary foci did 
not exceed 5 mm. in diameter. The great majority of the reinfection foci 
measured between 5 and 18 mm., and a few, 21 to 25 mm. Such large reinfection 
foci might represent the substrate of “tuberculomata” incidentally discovered 
by X-ray examination. Extent of lymph node changes regional to primary 
and reinfection foci was about the same in 14 cases; in 7 it was greater in the 
reinfection complex; in one it was greater in the old primary complex. Lesions 
of focal extension and scattered hematogenous dissemination, incidentally found, 
were much more prominent in connection with the reinfection. 
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Altkougb. the pulmonary reinfection complex should not be considered as an 
occurrence of great rarit}’’, careful anatomical investigation of a considerably 
larger material is needed in order to gain more accurate information as to its 
relative frequency and clinical significance. In the analysis of the structural 
age distinctions between the components of the primary and the reinfection 
complex, the strictly comparative method of relative age determination was 
used, as in the previous pathogenetic studies of tuberculous lesions in children 
and adults. In the quotation of the scarce data from the literature, attention 
is called again to Schuermann’s anatomical reports of the intestinal reinfection 
complex. 


SUJIARIO 

Presdntanse los hallazgos anatdmicos pormenorizados en 29 nuevos casos 
del complejo de reinfeccion pulmonar. En todos pudieron observarse focos an- 
teriores de la primitiva infecci6n pulmonar, consistiendo en 22 de ellos en tfpicas 
cicatrices petro-osificadas del complejo primario mientras que en 7 estaban 
limitados a un solo foco parenquimatoso. S61o en 2 casos se desarroll6 enferme- 
dad tuberculosa en relaci6n con el complejo de reinfeccibn: en uno con pleuritis 
tuberculosa, granulia y meningitis tuberculosa, y en el otro con tuberculosis 
hemat6gena selectiva de la lengua y suprarrenales. Ha}”^ tablas correspondientes 
a: edad, sexo, raza; tamauo, localizaci6n y estructura de los focos primaries y de 
remfecci6n; extensi6n y estado histol6gico de las alteraciones ganglionares 
correspondientes a los focos tanto primarios como de reinfeccidn; nuevas al- 
eraciones tuberculosas producidas por la antigua infeccibn primaria o mds 
reciente reinfeccion; y a todas las lesiones calcificadas u osificadas de origen no 
tuberculoso en los pulmones y los ganglios linfdticos broncomediastinicos. 
Describense 7 casos tipicos, comprendiendo uno de tuberculosis hemat6gena 
evolutiva. 

El complete analisis histol6gico de todas las lesiones calcificadas es obligatorio, 
pues los n6dulos silic6ticos del tejido linfoideo intrapulmonar y broncomedias- 
tlnico, los “osteomas” intraalveolares y los flebolitos podrian crear — sin com- 
probacion histol6gica — una impresi6n absolutamente err6nea acerca de la na- 
turaleza y topografla de los componentes del viejo complejo primario o de 
nuevos tub^rculos post-primarios antiguos. No hay mayor diferencia en la 
localizaci6n de los focos primarios y de reinfeccidn en cuanto a los distintos 
16bulos de ambos pulmones; pero en su prolongaci6n a los campos puhnonares, 
los medianos e inferiores parecen ser preferidos por los focos de reinfeccion. 
La diferencia en el tamafio de los focos primarios y de reinfeccidn es bien definida. 
Con una excepci6n los antiguos focos primarios no excedieron de 5 mm. de 
didmetro, mientras que la inmensa mayoria de los de reinfeccidn median de 5 a 
18 mm. y algunos de 21 a 25 mm. Esos grandes focos de reinfeccidn pueden 
representar el subestrato de los “tuberculomas” descubiertos fortuitamente por 
el examen roentgenol6gico. En 14 casos, fu4 aproximadamente id4ntica la 
extension de las alteraciones ganglionares correspondientes a los focos primarios 
y a los de reinfeccion, en 7 mayor en el complejo de reinfecci6n, y en uno en el 
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viejo complejo primario. Las lesiones de extensidn focal 5 ^^ diseminaciori liema- 
t 6 gena esparcidas, descubiertas fortuitamente, eran mucho mds sobresalientes 
en los casos de remfecci 6 n. 

Aunque no debe considerarse como muy raro el complejo de reinfecci 6 n 
pubnonar se necesita una cuidadosa investigacibn anatbmica de una serie mucho 
mayor a fin de obtener datos m4s exactos acerca de su relativa frecuencia e 
importancia cUnica, En el andlisis de las diferencias histolbgicas por edad 
entre los componentes del grupo primario y del complejo de reinfeccibn, se 
utilizb el mbtodo estrictamente comparative de determinacibn relativa por edad 
como se hizo en los previos estudios patogenbticos de lesiones tuberculosas en 
ninos y adultos. En las citas de los escasos datos de la literatura IMmase la 
atencibn nuevamente sobre los informes anatbmicos de Schuermann acerca del 
complejo de reinfeccibn intestinal. 
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TREATMENT OF EXPERIMENTAL OCULAR TUBERCULOSIS 

WITH PROMIN* 

W. STEENKEN, Jk., E. WOLINSICY and F. H. HEISE 

Experimenters are searcliing for better and more rapid methods of evaluating 
chemotherapeutic agents in animals. The follomng experiments were per- 
formed to learn whether ocular tuberculosis, which develops in a location that can 
be kept under constant observation, might provide a suitable site for such tests. 
Vaccinated animals were used as subjects because previous experiments (1, 2) 
had indicated that normal guinea pigs were so susceptible to the tubercle bacillus 
that the effects of therapy were not always clear-cut. This procedure seems 
justified in view of the fact that chemotherapy would probably be used in many 
human subjects that have already had one or more infections before the one re- 
sulting in clinical disease. In using this t 3 ’’pe of tuberculous lesion it was hoped 
that the influence of the drug might be apparent early and that the gross appear- 
ance of the lesions would indicate promptly whether further experiments were 
desirable. Promin,- whose value in the treatment of experimental tuberculosis 
in guinea pigs has been well established (1,3,4,5,6,7,8,9), was used to test the 
efficacy of the method. 


METHODS 

Sensitization: Forty-four adult guinea pigs were vaccinated with living at- 
tenuated human tubercle bacilli, strain H37 Ra, by injecting a suspension of 2.5 
mg. of the bacilli subcutaneously in the right inguinal region on three alternate 
days, so that each animal received a total of 7.5 mg. of the microorganisms. Two 
weeks after the last vaccinating dose, all animals reacted with positive skins when 
tested wth 5 per cent O.T. 

Infection: One week after the skin tests had been recorded, all 44 vaccinated 
animals and an additional 5 nonvaccinated animals were inoculated in the an- 
terior chamber of the right eye with a suspension of a fourteen-day growth of 
37 Rv microorganisms from Proskauer and Beck’s synthetic fluid medium. The 
suspension was so prepared that a microdroplet, when transferred to a slide and 
about 3 tubercle bacilli when examined by fluorescent technique 
(10). With a tuberculin syringe fitted with a B.D. No. 27 needle, one drop of 
t suspension, contaming about 50 bacilli, was injected into the anterior cham- 
ber of one eye of each animal. 

vaccinated and the 5 nonvaccinated infected animals were 
mded into four groups: 18 to receive no treatment; 18 to be treated orally; 
to be treated orally and locally, and 5 as nonvaccinated nontreated controls, 
e treatment vith promin was begun the day follo^ving infection and was 

Research and Clinical Laboratory, Trudeau Sanatorium, Trudeau, New 

» Promin used m this study was kindly supplied through the courtesy of Dr. E. A Sham 
Parke, Davis & Company, Detroit, Michigan. 
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continued daily for 295 days, when the experiment was terminated. The treated 
animals were all fed 75 mg. of promin in aqueous solution bj's^Tinge tndce daily for 
fourteen days when the dose was increased to 150 mg. tuice dail 3 ^ The 9 treated 
animals that received the drug locally received their local treatment by dropping 
an aqueous 35 per cent solution of promin into the conjunctival sac of the diseased 
eye three times a day. The animal was held on its side so that the solution re- 
mained in contact nvith the eye for five minutes at each treatment. Pre\dous 
experimental determinations of the promin levels in treated eyes showed us that 
this method was superior to using promin powder or ointment and that clamping 
the lid together after the instillation of the drug did not result in producing any 
higher levels of the drug in the eye. However, by the method used, levels of 2.0 
*to 5.0 mg. per cent were obtained b}’’ local treatment alone. It was also observed 
that after oral treatment alone the promin levels in the eye were about one-third 
those in the blood. Drug levels in the eye were determined by micromethod on 
tissue juice obtained from the entire eye. 

Each eye was examined by at least two observers and the severitj’’ of the lesion 
was rated from 1 to 5. Rating 1 indicated ej’-es wliich showed only minimal 
lesions, usually consisting of a pin point area of corneal opacity and irregularity 
of theiri.s. A rating of 3 was given those eyes which showed definite redness wtb 
slight evidence of caseation in the anterior segment, moderate corneal opacity 
and cloudiness of the aqueous, and congestion of the iris. Rating 5 was reserved 
for eyes with advanced caseation, necrc^is and perforation. Intermediate rat- 
ings were assigned accordingly. The index of ocular reaction was obtained by 
adding the total ratings for one group and dmding by the number of animals in 
the group. These ratings were made from week to week udth no knowledge of 
what rating had been given the previous week. The animals were chosen at 
random from the various groups and presented to the observers, who had no 
knowledge of the group to which the guinea pig belonged. 

The day after inoculation all the sensitized animals showed a marked allergic 
reaction, consisting of redness, edema and opacity of the inoculated eyes. The 
5 unvaccinated pigs had only a slight traumatic reaction Avhich cleared entirely 
mthin a few daj^s. The progress of the ocular lesions is shown grapliically in 
chart 1. 

In group A (nonvaccinated controls) the eyes showed very little reaction until 
the second week, but from then on the lesions progressed rapidly so that b}’ the 
fourth week the corneas of all 5 animals had perforated and caseation was ad- 
vanced. From this point on the condition progressed till death. 

The animals in group B (vaccinated controls) showed a marked allergic re- 
action, characterized by definite redness and opacity, which persisted for a fc"' 
days after inoculation, but after a week it somewhat decreased. Then a lo- 
calized tubercle developed which progressed slightly until the fourth week but 
thereafter remained more or less stationary. These lesions were much less 
severe than those of the unvaccinated animals and in none of the 20 did advanced 
caseation or perforation occur. 

The animals in group C (vaccinated and treated orally uith promin) and 
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group D (vaccinated and treated orally and locally) fared best. After the ini- 
tial allergic reaction, the cj^es appeared to improve until the second week, after 
wliich time tubercles appeared, but they progressed very slightl}'’ and always to a 
lesser degree than those in the vaccinated and unvaccinated control groups. 


A fion-vaccinated contfols. 

B Vaccinated, cotitrols. 

C Vaccinated and treated orally with promin . 

D Vaccinated treated orally and locally with promin, 



1 2. 3 0- J 6 7 8 3 10 15 

Weeks 

Chart 1 


In the early stages of the disease, during the first three weeks after inoculation, 
the difference between the treated and untreated groups was most marked. In 
this period, too, the animals treated locally as well as orally seemed to be bene- 
fited more than those treated by mouth alone. This difference gradually di- 
minished, and by the sixth week these two groups were essentially the same. 
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'rhroliRhout the experitiient the difTercnces het^veen t!ie ttntreatod nnd the treated 
eyes were }»enera!!y obvious. The former usiinlly sliowcd more cornc.'il in- 
jection, iritis nnd more ehnidiness of the aqueous. 

Promin blo(Ml levels of S of tlie treated anirn.'ils were determined at the .cixtii 
week. In -J nninuils, from whom bloofl was o!)tnincd .sixteen and onc-qu.artcr 
lioiirs after the hrst dose of promin, the blofxl levels ranged from .3.S to d.S mg. 
per cent, wljilc in •! from whom blootl was obtained five hours after the last feed- 
ing of the drug the lo.vels wore G.7 to 7.7 mg. per cent. None of tiie guinea pigs 
showed any gros.s evidence of to.xicity from the drug. 


TABLE 1 


OUCIX AT. CtOL’M 

»rc»orrj?fo 
Ann 109 DAYS 

KCtfur* 

or 

ASiUAVt 

IS ctot'f 

prctri: or TumcrurtM 

total 
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orTrjin* 

cvtcstt 

tAT- 

IVG* 

or rvi 
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or 

UTt 

1* 

C 

y 


•ST ^ 

E? 

A 

Nonvnccinntod 

Nontrented 
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5 





IC.O 

5.0 

S2 

B 

Vnccinnlcd control.*! 

Nontrented 

mm 

2.6 

3.4 

3.5 

3.4 

12.9 

4.7 

295 

Treated ! 

0 

O.S 



l.G i 

3.S 

3.7 

295 

C 

Vaccinated, treated 
orally with 
promin 

Trc.atmcnt j 
diiicon- 
tinued 

'mm 

1.9 i 

j 

2.1 

2.1 


9.1 

4.6 

295 

Treatment 

continued 

9 

0.5 

0.9 

0.9 

1.3 

3.G 

3.4 

295 

D 

Vaccinated, treated 
orally and locally 
wUli promin 

Treatment 

discon- 

tinued 

•1 

2.0 

2.3 

2.0 

2.3 

s.e 

4.5 

295 

Treatment 

continued 

4 

0.5 




1.5 

2.0 

295 


• Maximum rating 5. 


One hundred nine days from the date of infection the surviving animals in 
groups B, C and D were further divided and treatment changed as follows: 
Half of group B (vaccinated controls) tvcrc started on promin orally, and half con- 
tinued without treatment. Half of the animals in each of the groups C and D 
tvere continued on treatment as previously, and in the remainder of these groups 
the treatment was discontinued. This was done to ascertain the effect of promin 
on an infection 109 days old in groups B, C and D, and to observe the course of 
the disease after treatment was discontinued. 

After 295 days ail surviving animals were sacrificed. The autopsy findings are 
summarized in table 1. For the purpose of record and comparison, the in- 
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volvcmcnt of tho splcrn, liver, lunp^, nml lymi^li noclc-s wns noted nnd individ- 
ually assigned values were given proportionate to the extent and severity of 
the tubcrculasis. Tlic maximum rating of 4 in any organ was used to indicate 
wide-spread caseous disease diagnosed by grox^ inspection. The maximum value 
of 10 for the animals its a whole signified advanced generalised tuberculosis. 

The animals in group A (nonvaceinnted controls) all died within eighty-two 
daj's of generalized tuberculosis, with complete d&struction of the infected eye. 
Tho vaccinated untreated animals had a wide-spread chrotric type of infection, 
whereas the treated groups lind a significantly less degree of tuberculosis. 
The animals in group B, whose promin treatment was begun 109 days after in- 
fection, showed a definite beneficial effect from this dcl.aycd treatment, and those 
in groups C and D that received drug therapy throughout tho course of their 
disease fared best of all. 

DISCOSSIOX 

IVc have treated experimental ocular tuberculosis in guinea pigs with promin 
and, although we have not seen anj' eyes restored to their original appearance, 
we feel that we have shown sufficient retardation in tho progression of the disease 
to warrant this report. In many of the animals the disease remained localized 
in the inoculated eye, and showed no macroscopic disc.'ise beyond tho adjacent 
post-auricular Ijunph nodes. The combination of local and oral treatment seems 
to have offered these animals only slightly more protection than oral administra- 
tion alone, and that mainly during the first three wcehs. It must be remembered 
that, even though promin is verj' soluble and we used a 35 per cent solution 
in the eye, frequent and prolonged contact between the eye and the drug is 
necessary to obtain an appreciable diffusion through the cornea and the sclera. 
The solution was dropped into the eye three limes daily and the animals were 
held in position for five minutes each time. Tliis procedure enabled us to ob- 
tain levels in the eye of 2 to 5 mg. per cent. We found these levels to be no higher 
in traumatized eyes than in normal ej’cs. It is possible that with the application 
of the drug solution cverj' hour much higher levels can be obtained, thereby in- 
creasing the efficacy of the drug upon the local eye lesion. 

COXCLUSIOXS 

1. Promin exerts a definitely beneficial action on the earij'^ course of experi- 
mental ocular tuberculosis in the vaccinated guinea pig. 

2. Those animals in which treatment was continued showed less disease than 
those taken off the drug after 109 days. 

3. The drug produced a marked retardation upon the disease of those vacci- 
nated animals that had treatment delayed for 109 da 3 's. 

4. The method of eye infection offers a relatively rapid and easily observable 
method of testing new chemotherapeutic agents for the treatment of tuberculosis. 

CONCLUSIONES 

1. La promina ejerce un efecto netamente beneficioso sobre la evolucidn 
temprana de la tuberculosis ocular experimental en el cobayo vacunado. 
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2. Los animales en quo se continue el trafcamiento mostraron raenos enferme- 
dad que aquellos en que se suprimid la medicacidn al cabo de 109 dias. 

3. La droga reveld un notable efccto retardador sobre la enfermedad en los 
animales vacunados en los que se demord el tratamiento por espacio de 109 
dias. 

4. La tdcnica de la infeccidn ocular ofrece un mdtodo relativamente rapido 
y fdcil de observar para la comprobacidn de nuevos elementos quimioteraped- 
ticos destinados al tratamiento de la tuberculosis. 
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Report of the Second Michigan- Wisconsin-Minnesota Regional Therapy 

Conference 

Conference Conimitlee 
Dr. John D. Steele, Chairman 

Dr. Karl H. Pfuetze Dr. John W. Towey 

A second regional conference on tuberculosis therapy was held at the Four 
Seasons Club near Pembine, Wisconsin, on June 15, 16 and 17, 1945. Michigan 
was represented by 22 delegates, Wisconsin by 14 and Minnesota by 13. In 
addition, several observers were present from other states. 

Essentially the same differences of opinion in regard to the choice of certain 
therapeutic measures and in the evaluation of laboratory procedures which had 
been apparent at last year’s conference were still apparent and were observed 
to be essentially on a regional basis. However, it was agreed that these differ- 
ences were not as marked and that there had been a definite tendency toward 
acceptance of other ideas as the result of the previous conference. 

Since the report of the 1944 conference (Aji. Rev, Tuberc., 1944, BO, 575) 
contained a digest of opinions expressed in regard to specific procedures, it was 
agreed that a repetition of these would be superfluous in the present report. 
However, since the mechanics of the 1945 meeting differed appreciably from 
those of the 1944 meeting, it was decided that these should be reported in some 
detail with the hope that the experience gained in the past two years might be 
of value to those conducting similar future conferences in other regions. 
Morning and afternoon sessions of the first two days of the conference were 
devoted to case presentations. Discussion of each case took place at the time 
of presentation. Last year the case presentations had been accompanied by 
little or no discussion at the time of presentation but were re-presented later for 
discussion. It was agreed that the system used this year was preferable. Mime- 
ographed sheets were distributed to each delegate containing the following data 
in regard to each patient: 

1. Name, age, sex, race. 

2. Admission date and classification. 

3. Discharge date, classification and reason for discharge. 

4. Length of sanatorium stay. 

5. Examination of pulmonary secretions including type of examination with 

results on admission and discharge (or present). 

6. Collapse therapy. 

7. Important complications. 

8. Remarks. 

The significant roentgenograms of 75 patients from a representative sana- 
torium from each state had been prepared for presentation. Four hours were 
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allotted for the presentation from each state. All cases presented were con- 
secutive admissions starting with January 1, 1943, although the selection of 
cases varied as noted below. 

Dr. John K. Shumate, Lake "View Sanatorium, Madison, Wisconsin, presented 
the majority of his cases ^Yhich included first admissions only {including a few 
non tuberculous patients). 

Dr. C. J. Stringer, Ingham Sanatorium, Lansing, Michigan, presented the 
majority of Ins cases which included only tuberculous patients but included 
readmissions as well as first admissions. 

Dr. G. A. Hedberg and his associates, Drs. Roberts Davies and Samuel T. 
Sandell, completed the presentation of 76 consecutive first admissions (tuber- 
culous and nontuberculous) to Nopeming Sanatorium, Nopeming, Minnesota. 

Even though Dm. Shumate and Stringer did not finish the presentation of 75 
cases each, it was agreed that their methods of diagnosis and treatment had 
been demonstrated adequately. The completion of the presentation of the 75 
cases by the Minnesota group in less than their allotted time was due not only 
to their excellent team-work in making the presentation but also to the fact 
that their presentation was the third and, therefore, there was less discussion 
on various controversial issues which had been fully discussed during the two 
previous presentations. 

A vote was taken when there appeared to be any considerable controversy 
concerning the management of an individual case. Definite regional differences 
were apparent in some instances w'hen the delegates from each state were called 
upon to vote separately. 

Following the case presentations, the meeting w'as thrown open for criticisms 
and suggestions as to the mechanics of this and other proposed regional con- 
ferences. 

The size of the meeting evoked considerable discussion. (This year’s meeting 
had been limited to 50, exclusive of local physicians, by the regulations of the 
Office of Defense Transportation.) The attendance at last year’s meeting had 
been 23. It ■was agreed that an attendance of 60 should probably be the upper 
limit of such conferences. Even •with such a limit, many delegates could not 
satisfactorily view the roentgenograms presented. This was not considered to 
be a great disadvantage if the lesions "were properly demonstrated by the pre- 
senting physician. 

A number of suggestions were made as to the possible presentation of groups 
of admissions, readmissions, resident patients and discharged patients. No 
definite agreement ■R'as reached on this subject. It "W’as agreed, however, that 
the method of selection of cases for this year’s conference was satisfactory in 
that it gave a good picture of the indications for therapy and the methods of 
diagnosis employed by each of the three sanatoria making the presentations. 

It was unanimously agreed that delegates from the same three states should 
meet annually in the future in order to take advantage of the frank and friendly 
discussion which had prevailed at the two meetings so far held. A majority was 
in favor of presenting specific types of treatment cases, such as thoracoplasties. 
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pneumothoraces, phrenic paralyses, etc., at next year’s meeting as a variation 
from consecutive case presentations. 

During the evening of the second day of the conference, two subjects of unusual 
interest were presented informally. Dr. Karl Pfuetze, Cannon Falls, Minnesota, 
reported on the present status of chemotherapy in tuberculosis, including his 
extensive experience with the use of the sulfone derivatives. His meagre experi- 
ence vdth the use of one antibiotic was mentioned. 

The second presentation of the evening on the subject of postmortem injection 
of the puhnonaiy vascular sj’-stem, by Dr. W. L. Brosius, Detroit, was illustrated 
by a series of slides wliich demonstrated the changes in the vascular system 
which occur in various pulmonar}'’ conditions. 

The last morning of the conference was devoted to presentations of a con- 
troversial nature by one delegate from each of the three states represented. 
General discussion followed each presentation. 

Dr. G. A. Hedberg, Nopeming, Minnesota, reported on the results of extra- 
pleural pneumothorax in 47 patients operated upon since 1939. Forty-one 
patients had unilateral and 6 bilateral operations. Forty-six operations were 
performed between 1939 and 1942; 8 from 1943 to 1945. Twenty-three patients 
are now classified as arrested, 4 as quiescent, 7 as improved, one as unimproved 
and 7 are dead (the death of one patient being attributed directly to the opera- 
tion). The sputum was converted in 37 patients. 

The important complications were as follows: 4 patients developed an 
empyema vith a bronchopleural fistula, 6 patients had empj'^emata without 
fistulae. 

Eight patients had subsequent obliteration of their extrapleural spaces by 
thoracoplasty. The pneumothorax space was converted to an oleothorax in 
37 instances. 

Dr. Hedberg pointed out that the indications for extrapleural pneumothorax 
had been modified considerably in the past three years and that many patients 
in his earlier group would now have had thoracoplasties instead of extrapleural 
pneumothoraces. This is particularly true in patients vdth active lesions in 
the contralateral lung, who were fonnerly believed to be unsuitable risks for 
thoracoplasty. 

Dr. J. D. Steele, Milwaukee, presented the results of extrapleural pneumonolysis 
Jollowed hy paraffin filling, and Dr. John Alexander, Ann Arbor, Michigan, 
reported on pneumonectomy and lobectomy in tuberculosis. These last two 
presentations foUow this report. 


Extrapleural Pneumonolysis with Paraffin Filling’* - 


Present Status 
JOHN D. STEELE, Jn. 

Extrapleural pneumonolysis ViUtli paraffin filling has not been wdely accepted 
for the treatment of pulmonary tuberculosis. This operation has apparently 
gained the unenviable reputation among a majority of phthisiologists of being 
frequently complicated by such unpleasant occurrences as expectoration of 
parafiin, infection of the extrapleural space, extrusion of the paraffin from the 
wound, migration of the paraffin, and so forth. We believe that these complica- 
tions occur relatively infrequently and that the advantages of the procedure 
far outweigh the disadvantages. The success and safety of the operation depend 
upon strict adherence to the proper indications and to an approved operative 
technique. 

Our present report is based on a group of 39 patients whose operations were 
performed between December, 1938 and May, 1944. Five patients had bilateral 
operations; 2 patients had supplementary anterior pneumonolyses. Eight 
patients operated upon subsequently and 2 other patients who have not been 
adequately followed have not been included in this report. (No serious com- 
plications occurred in these 10 patients.) 

The discharge or present status of the 39 patients who form the basis of this 
report is as follows: 27 were discharged from the sanatorium as apparently 
arrested (the gastric contents of 25 were negative on repeated cultures; the sputa 
of the other 2 were negative on culture); 2 were discharged as quiescent (the 
gastric contents of one and the sputum of the other were positive on culture); 
6 are still in residence in the sanatorium (the disease of 3 is active, but the gastric 
contents of the other 2 are negative on culture); 5 are dead (4 died of progression 
of their tuberculosis; the tuberculosis of the other was inactive at the time of 
death from carcinoma of the stomach). Three of the patients discharged as 
apparently arrested subsequently had reactivitation of their disease. Nineteen 
of the discharged patients are working. 

INDICATIONS 

Our indications for extrapleural pneumonolysis with paraffin filling in our 
present series of patients are demonstrated diagrammatically in figures 1 and 2. 
We are now limiting the use of this procedure to apical lesions mth cavities 
not over 1.5 cm. in diameter and with surrounding infiltration not over 5 cm. 

* From the Departments of Surgery, Muirdale Sanatorium, Wauwatosa, Wisconsin and 
the Marquette University School of Medicine, Milwaukee, Wisconsin. 

* Read before the Second Michigan-Wisconsin-Minnesota Regional Tuberculosis Therapy 
Conference, Pembine, Wisconsin, June 17, 1945. 
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Tics. 1 nndC. DIaKranis illuFtratinp rocntponoloRir.al npp'-nranrp of tubrrculiiu'’ 
for which cxtraploviral pnrumonolyjcs with paraffin fillinc wore porfomjcJ. Active 
only is demonstrated. Arrows indicate (ho side of (ho opor;iiir>n. Coniraiato-ra! collnp'e 
therapy procedures in effect at the time of the e\trap!eurai pn'-umeno'vfoii tiro it.dicatoj 
(phrenic paralyses, intra- and cvirapleural pneumothorares, thor-.cop].v;!o«). 
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in diameter. We no longer use the operation as a last resort procedure in prefer- 
ence to thoracoplasty in larger lesions. It udll be noted in figure 1 that some 
of the patients in the early part of our series had larger cavities and more ex- 
tensive lesions than those in the latter part (figure 2) , In a number of our earlier 
patients, thoracoplasty would have been the operation of choice according to 
our present standards. 

We have found extrapleural pneumonolysis with paraffin filling particularly 
useful in controlling small apical lesions in the contralateral lung following 
pneumothorax, extrapleural pneumothorax or thoracoplasty for the lung with 
the more extensive involvement. In our present series paraffin fillings were 
used in this manner in conjunction with the following procedures : thoracoplasty 
(6 patients), contralateral paraffin filUngs (5 patients), intrapleural pneumo- 
thorax (3 patients) and extrapleural pneumothorax (one patient). 

OPERATIVE TECHNIQUE 

We think that any beneficial effect which may follow an extrapleural pneu- 
monolysis should be attributed to the relaxation of the portion of the lung which 
has been freed from the chest wall. When the extrapleural space is filled with 
lumps of paraffin, the relaxation produced by the pneumonolysis is .merely 
maintained. It is important that the paraffin be introduced gently without 
pressure; othervdse the pressure of the paraffin on lung tissue may produce 
necrosis. For this reason we never refer to this operation as a paraffin “pack.” 

The operative technique for extrapleural pneumonolysis mth paraffin filling 
can be found in detail elsewhere (1, 2, 3). Only a few miscellaneous, more 
recent details will be given here. 

The weight of the paraffin fillings in the present series varied from 120 to 325 g. 
We now feel that the upper limit of the filling should be 200 g. in small persons 
and 250 g. in large persons. There is alwaj’^s a great temptation at the time of 
operation to carry the dissection lower than necessary, particularly if the extra- 
pleural separation is easy. Eesection of the third rib instead of the fourth 
may help to control this overenthusiasm. . . 

We have used general anesthesia for the past three years ; prior -to this we used 
local anesthesia. 

Cotton suture material has been used exclusively for the past three years with 
satisfactory results. 

The periosteum on the edges of the ribs on either side of the rib defect is freed 
in order to facilitate closure of the intercostal muscles. 

If any free pleural space exists beneath the area of the proposed extrapleural 
dissection, we perform a poudrage according to the method of Bethune (4) with 
sterile talcum powder two months prior to the pneumonolysis, because we feel 
that normal parietal pleura cannot always be freed from the chest wall without 
tearing. 

COMPLICATIONS 

Only two serious complications were encountered in our present series. One 
was a bronchopleural fistula followed by a mixed infection of the extrapleural 
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space in one of our 3 patients on whom the operation was attempted but not 
completed because of dense adliesions between the parietal pleura and chest 
wall. This complication was definitely due to an error in operative technique, 
as the lung was tom in a desperate attempt to free it from the chest wall. The 
patient died a year and a half later from progression of her disease. She pre- 
sented a poor indication for the operation, but at that time we did not believe 
that she was a suitable thoracoplasty risk. (Case C. H., figure 1, fourth row 
from top.) 

The second serious complication occurred following an attempt to close a 
tension cavity which remained patent after a thoracoplasty. The paraffin 
eroded through the cavity wall and had to be removed because of infection three 
nnd one-half months later. Cavernostomy would have been the procedure of 
choice in this case. The patient subsequently died from progression of her 
disease. (Case J. S., figure 2, second row from top.) 

Of the remaining 37 patients, we could find only 4 who presented any compli- 
cation worthy of note. All had rather marked effusions in the extrapleural 
space requiring aspiration. The effusion in one patient persisted for seven 
months and was accompanied by a low grade fever. She is now perfectly well 
six years after the operation. The effusions of the other 3 patients were tran- 
sient but required aspiration because of dyspnea. It so happened that these 3 
had had phrenic paralyses and had fairly high elevations of their hemidiaphragms 
at the time of their pneumonolyses. In these 3 patients the amount of paraffin 
inserted was in excess of that which we now believe adequate. 

There was no immediate operative mortality in the entire series. 

The absence of late complications in our discharged patients was determined 
by means of questionnaires. 


STBIMAnY 

Extrapleural pneumonolysis with paraffin filling is a safe, effective operation 
in the treatment of pulmonaiy tuberculosis. The success and safety of the 
operation depend upon strict adherence to the proper indications and to an 
approved operative technique. 


SUMAKip 

La neumonolisis extrapleural a base de parafina constituye una operaci6n 
Segura y eficaz para el tratamiento de la tuberculosis pulmonar. El 4xito e 
inocuidad de la misma dependen de la rigida observaci6n de las indicaciones y 
de una t^cnica operatoria aceptable. 
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Comments about Pneumonectomy and Lobectomy in Tuberculosis* 

JOHN ALEXANDER- 

These comments about total pneumonectomy and lobectomy in tuberculosis 
necessarily express only tentative opinions because no surgeons, except Overholt 
and Wilson, have operated upon a large number of patients, and Overholt and 
Wilson’s reported 59 patients were operated upon as recently as between 
January 1, 1942 and January 1, 1944. 

The removal of all the demonstrable tuberculous lesions, or even the principal 
ones, is an attractive idea. Experience has, however, shown that pulmonary 
resection for tuberculosis exposes the patient to far greater dangers than does 
resection for carcinoma or bronchiectasis. For this reason an ovenvhelming 
majority of phthisiologists and thoracic surgeons are restricting resection to 
those patients for whom no other form of treatment is likely to bring about 
recovery. 


CHIEF DANGERS AND DISADVANTAGES OF RESECTION 

(J) A relatively high death rate wthin the first two or three years. Over- 
holt and Wilson’s deaths in 59 patients were 8, or 13.6 per cent; they state that 6 
other patients will die (this would make the mortaUty 23.7 per cent); 9 other 
patients have a guarded prognosis. The mortality in Churchill and Sweet’s 
series of 35 Massachusetts General Hospital patients is 11.4 per cent. Six of 
Robert Janes’ 32 resection patients are dead, a percentage of 18.7; some of the 
26 living patients are doing badly and some of those having positive sputum are 
doing well. Herbert Maier has had one death among 18 patients, or 5.5 per cent. 
Five of Overholt and Wilson’s “desperate risk” patients died and 2 of their 47 
“reasonable risks.” All 8 of Haight and Alexander’s total pneumonectomy 
patients would fall into Overholt and Wilson’s “desperate risk” category; 3 
are dead and one more will probably die. An encouraging recent development 
is that Overholt has operated on 27 patients under local anesthesia in the face- 
down position with only one death and no spread or -exacerbation of the tuber- 
culosis.® 

(£) A high percentage of miscellaneous comphcations : Spread or exacerbation 
of tuberculosis (23 per cent in Overholt and Wilson’s series), tuberculous, or 
tuberculous and pyogenic, empyema and wound mfection, persisting tuber- 
culous ulceration in bronchial stump, bronchopleural fistula, progressive tuber- 
culous bronchitis, respiratory or cardiac insufficiency and tuberculous meningitis. 

(S) Sacrifice of good, functioning pulmonary tissue when a total pneumonec- 

■ Presented at the Second Michigan-Wisconsin-Minneaota Regional Tuberculosis Ther- 
apy Conference, Pembine, Wisconsin, June 17, 1945. 

= From the Department of Surgery, University of Michigan, Ann Arbor, Michigan. 

®His later figures are much less favorable (January 10, 1946). 
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tomy is perfonned for lesions that do not involve the whole lung. Restriction 
of the function of the lower lobe by pleural thickening occurs after many upper 
lobe lobectomies. Reduction in respiratory function from overdistension of 
the remaining pulmonaiy tissue probablj’- occuin if a thoracoplasty is not per- 
formed in order to prevent tliis overdistension. 

{Jf) Except in cases ha\dng onty limited parenchymal lesions, “resection” 
usually implies a total pneumonectomj’^. Situations usually requiring the re- 
moval of a whole lung are: (o) in cases having parenchymal lesions in the lower, 
or lower and middle lobes, an ulcerative or stenotic tuberculous bronchial lesion 
involving the upper lobe bronchus requires the sacrifice of this lobe even if its 
parenchyma is not visibly involved; (6) even when only an upper-lobe lobectomy 
is intended before operation, the surgeon may find bj’' palpation at the time of 
operation a hitherto undiagnosed tuberculous lesion in the apical portion of the 
lower lobe, or a lesion that has traversed an obliterated fissure to involve the 
adjacent portion of the lower lobe; either of these situations requires the removal 
of the lower as well as the upper lobe, unless a “segmental lobectomy” is risked; 
(c) tuberculous bronchitis in the superior dorsal bronchus of the lower lobe may 
require, in addition to resection of the lower lobe, resection of the middle lobe on 
the right side, or of the upper lobe on the left side, because of the danger of 
progression of the tuberculous bronchitis into these lobes, whose bronchial orifices 
are in close proximity to the orifice of the superior dorsal bronchus of the lower 
lobe. 


INDICATIONS 

In my opinion, the most important indications for total pneumonectomy for 
unilateral tuberculosis and its complications are: 

(I) Active cavernous tuberculosis nith a tight bronchial stenosis at, or 
proximal to, the upper lobe orifice, vuth severe coughing and retention of secre- 
tions. Such patients are not suitable for thoracoplastj’’, or an ineffectual thoraco- 
plasty may already have been performed. 

(S) Disabling symptoms from bronchiectasis and suppurative pneumonitis, 
wdth or without bronchial stenosis and with or vithout active tuberculosis. 
Thoracoplasty is not suitable for these patients, although one may already have 
been performed. 

(S) Multiple residual tuberculous cavities (whether or not tension cavities) 
after a modem type of thoracoplasty. 

Among the important indications for lobectomy (with allowance for section 
4 under “Chief Dangers and Disadvantages,” above) are: 

(f) A basal cavity that has not responded to pneumothorax or phrenic 
paralysis, or both, for which lobectomy may seem, in a particular case, prefer- 
able to surgical drainage. 

{2) A cavity in any lobe that fails to close with pnemnothorax or phrenic 
paralysis, or both, in young’ children (because of the danger of severe scoliosis 
after thoracoplasty). 
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(S) A cavity in any lobe remaining open after a modem type of thoraco- 
plasty in cases in which lobectomy seems preferable to direct, surgical drainage. 

( 4 ) A tuberculoma, unsuitable for collapse therapy and causing troublesome 
symptoms or producing tubercle bacilli in the sputum or gastric contents. 

IMPOKTANT CONTKAINDICATIONS TO PNEUMONECTOMY OR LOBECTOMY 

(1) Insufficient cardiac or respiratory reserve. * 

(5) Ulcerative tuberculous bronchitis at, near, or proximal to the site at 
which the bronchus would need to be divided. 

(S) Grave extrapuhnonary tuberculous or nontuberculous disease. 

(4) Tuberculous lesions that are in a part of either Itmg not to be removed 
and that are not likely to become healed. 

If, as I believe, the late results of pneumonectomy and lobectomy will prove 
to be far inferior to those of thoracoplasty in cases in which either type of opera- 
tion imght reasonably be used, I strongly reconunend that neither pneumonec- 
tomy nor lobectomy be used in preference to thoracoplasty in any case unless 
the indications for resection are clear-cut and unless thoracoplasty is unlikely 
to succeed. 


SUMMARY 

1. Total pneumonectomy or lobectomy in tuberculosis is much more dangerous 
than in carcinoma or bronchiectasis, with reference to both early and late mor- 
tality, and serious postoperative complications. 

2. At present the indications for resection in tuberculosis should be restricted 
to those patients for whom the modem type of thoracoplasty and other collapsing 
operations are imlikely to be effective. 

3. The chief indications for total pneumonectomy in predominantly milateral 
tuberculosis are: active, cavernous tuberculosis with high-grade bronchial 
stricture; disabling symptoms from bronchiectasis and suppurative pneumonitis, 
with or without active tuberculosis; multiple residual tuberculous cavities re- 
maining after a modern thoracoplasty. 

4. The chief indications for lobectomy are: a basal cavity remaining open 
after a trial of phrenic parab’-sis and pneumothorax and in which lobectomy 
may, in particular patients, be preferable to surgical drainage; a cavity in any 
lobe remaining open after a trial of phrenic paralysis and pneumothorax, in 
young children; a cavity remaining open after a modem thoracoplasty, in which 
lobectomy seems preferable to surgical drainage; a tuberculoma unsuitable for 
collapse therapy and producing troublesome symptoms or tubercle bacilli in 
the sputum or gastric contents. 

5. The indications mentioned in the last two paragraphs are based on the 
assumption that the patients are in suitable condition for the operations, that 
ulcerative tuberculous bronchial lesions are not present at, near, or proximal 
to the site of intended division of the bronchus, and that any parenchymal 
lesions not to be resected are more likely to become healed than to progress. 
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suarARxo 

1. En la tuberculosis la pannouraectomia o lobectomla es mucho mds peligrosa 
que en el carcinoma o la bronquiectasia, tanto en cuanto a la mortalidad in- 
mediata y tardla como a las complicaciones postoperatorias graves. 

2. En la actualidad las indicaciones de la reseccidn en la tuberculosis deben 
limitarse a los enfermos en los que probablemente no darian resultado la toraco- 
plastia de tipo modemo y otras operaciones de colapso. 

3. En la tuberculosis de predominio unilateral las principales indicaciones 
de la panneumectomla son; tuberculosis ca%'’ernosa, activa, con estenosis bron- 
quial acentuada; slntoraas incapacitantes debidos a bronquiectasia y neumonitis 
supurada, con o sin tuberculosis; multiples cavernas tuberculosas subsistentes 
despuds de una toracoplastia modcma. 

4. Las principales indicaciones de la lobectomfa son: una caverna basal que 
permanece abierta despues de ensas^ar la pardlisis del frdnico y el neumotdrax, y 
en la cual, en ciertos enfermos, la lobectomfa puede resultar preferible al dre- 
naje quirdrpco; una caverna en cualquier 16bulo, en los niQos pequeuos, que 
permanece abierta despuds de ensajmr la pardlisis del frdnico y el neumotdrax; 
ima caverna que permanece abierta despuds de una toracoplastia modema, y ea la 
cual la lobectomfa parece preferible al drenaje quirdrgico; un tuberculoma im- 
propio para la colapsoterapia que produce sfntomas molestos o bacilos tubercu- 
loses en el esputo o contenido gdstrieo. 

5. Las indicaciones mencionadas en los dos dltimos pdrrafos basanse en la 
suposicidn de los que los enfermos se encuentran en estado apropiado para la 
intervencidn, de que no existen lesiones tuberculosas ulceradas en los bronquios 
inmediatos, cercanos o proximales al sitio de la propuesta divisWn del bronquio, 
y de que hay mayores probabilidades de cicatrizacidn que de agravacidn en 
toda lesidn parenquimatosa que no va a resecarse. 
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SPIROMETRIC AND BRONCHOSPIROMETRIC STUDIES IN 
THORACOPLASTy* 

GEOUGE C. LHlNi:ri 

Following thoracoplasty, total pulmonarj- volumc-s anti functions nro 
diminished (i^Iclntosh (1); Lindskog and Friedman (2); Pinner (3); Tvaltreidcr, 
Fray and Philipps (-1); Harter, Ovcrholt and Perkin (5); Lambert, Berry, 
Coumnnd and Richards (G); Schmidt and Gaubatz (7); Coumand and Richards 
(S); Warring (10)). The reserve air .sliows the most avtensive reduction. The 
m.aximum breathing capacity may occ.asionally increase (Coumand and Richards 
(S)). 

Tlie cfTcct of Ihoracoplastj' on individual lung functions has been studied in 
only a few c.asas. Bjorkman (9) and Jacobaeus (10) reported bronchospiro- 
metric axsiminalions on 3 p.aticnts before and after thoracoplasty: they noticed 
that in the thoracoplasty lung a certain amount of restitution takes place; that 
the healthy lung, too, diminishes in volume due to displacement of the medias- 
tinum; that in one patient the thoracoplasty lung showed functional improve- 
ment after the operation. Leincr, Pinner and Z.avod (11) analyzed in detail 
tlie bronchospirometric findings in 3 patients before and after thoracoplasty. 
Vaccarezza, Lanari, Bence and Labourt (12) did a few bronchospirometric 
studies in tuberculous patients treated with various forms of collapse therapy. 
Pinner, Leincr and Zavod (13), who did bronchospirometrj' in 11 patients w'ho 
had undergone thoracoplasty, came to the conclusion that thoracoplasty lungs, 
if not complicated by diaphragmatic paralysis, participate to a considerable 
degree in respiration. 

METHOD 

The methods used in this study were exactly the same as those described in 
a previous paper on pneumothorax (Leincr (14)). 

KESUIiTS 

Spirometric and bronchospirometric examinations were done in 26 patients 
(16 males and 10 females) before and after thoracoplasty. The thoracoplasties 
were made in two to three stages, and four to eight ribs were removed. The 
first functional examination was done a few days before the operation, the second 
examination in most cases (tables 7, 8, and 9 disclose the details) several months 
after the last surgical procedure when the patients were believed to have fully 
recovered from the operation and were completely adjusted to the changed 
respiratory mechanism under thoracoplasty. 

Spirometry: The spirometric findings before and after thoracoplasty are shown 
in tables 1 to 3. The extent of the thoracoplasty was four i-ibs in one patient 
(no. 275), five ribs in G patients, six ribs in 9 patients, seven ribs in 9 patients, 

* From the Division of Pulmonary Diseases, Montefiore Hospital for Chronic Diseases, 
New York, Now York. 
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After a four or five-rib thoracoplasty (table 1) oxygen intake and basal meta- 
bolic rate dropped in all cases, significantly however only in 2 cases (no. G1 and no. 
329). The slight decrease of the basiil metabolic rate following collapse therapy 
has been pointed out before (15). The minute volume decreased in 5 cases and 
increased in 2 cases. The tidal air decreased in all but one case. The respir- 
atory rate incre.ascd in the majority of the cases; the ventilation equivalent 
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sbowed changes to either side. The vital capacity dropped in all cases but one 
(46); the increase in the latter "was due to the increase of vital capacity on the 
contralateral side brought about by a reexpanded pneumothorax lung. The 
reserve air showed changes to either side. The complementary air dropped in 

TABLE 2 


Spiromelry before and after six-rib thoracoplasty 
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before 

after 

197 

189 

184 

184 

191 

246 

211 
‘ 213 

231 

264 

226 

214 

220 

260 

262 

203 

201 

B M R in per cent 


-1-2 

dbO 

-8 

-5 

-23 

4-1 

-15 

-11 

-22 

-8 

-16 

-23 

-11 

-7 

-7 

-2 

±0 

Minute volume in ' 

CO. 

before 

after 

6,140 

5,930 

m 

8,230 

9,080 

n 

8,070 

11,520 

6,480 

5,210 

6,760 

6,970 

B 

5,320 

7,370 

Tidal air in cc. 

before 

after 

m 

m 

319 

293 

457 

378 

598 

842 

620 

768 

405 

401 

519 

436 

642 

609 

355 

335 

Respirationa per 
minute 

before 

after 

18 

12 

16 

18 

IS 

24 

13 

15 

13 

15 

1 

13 

16 

10 

13 

15 

22 

Ventilation equiv- ’ 
alcnt in liters 


2.6 

2.7 

2.4 

2.5 

3.8 

3.1 

3.1 

5.1 

3.0 

3.7 

2.4 

2.1 

i 

2.1 

2.6 

2.3 

3.2 

Vital capacity in 

CO. 

^ before 

after 

1,860 

1,140 

n 

2,530 

1,950 

■ 

■ 

s 

4,080 

2,820 

4,620 

3,520 

m 

Reserve air in cc. 


166 

124 

207 

207 

331 

518 

414 

166 

n 

1 

1,242 

414 

B 

1 ^ 

559 

228 

Complementary 
air in cc. 

(before 

1 after 

H 

B 

1 

1 

3,049 

1,902 


B 

2,942 

2,435 

2,296 

1,277 

Maximum br. cap. 
in liters 

before 

after 

3G.4 

38.4 

32.1 

25.0 

46.0 

44.6 

Q 

65.9 

53.2 

47.6 

57.1 

51.6 

54.9 

93.3 

64.8 

71.4 

44.3 

Maximum br. cap. 
IvRnuto volume 

before 

after 

5,9 

0.5 

6.3 

4.7 

5.5 

4.9 

6.0 

5.6 

8.1 

5.0 

7.3 

10.9 

M 

14.5 

8.2 

i 


most cases; in case 46 it increased in conformity with the vital capacity. Max- 

imum breafttog capacity and ^ 

cases. In one case (no. 61) there was .an increase in those figures; in this patient, 
in whom the preoperative values had been low, the thoracoplasty achieved a 
partial collapse only of the upper third of the left lung. 

After a six-rib thoracoplasty (table 2) oxygen intake and basal metabolic rato 
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showed changes to either side; the abnormal low basal metabolic rate before the 
operation in 2 cases (no. 137 and no. 152) could not be explained. Minute vol- 
ume and tidal air showed changes to cither side. TJie respiratory rate increased 

TABLE 3 


Spiromctri/ before and aflcr seven- or cighl-rib thoracoplasty 



SO 

M29 

St 

F37 

JI5 

F34 

2N 

F4I 

21 

F32 

67 

M 

301 

M36 

OK 
SI 25 

J3S 
M 36 

115 

F32 



> 

Oj intake in cc. 

before 

after 

215 

1S9 

200 

191 

1S4 

223 


l|[B 

li 

23C 

24C 

32t 

32f 

27( 

25( 

21. 

19( 

137 

177 


B M II in per cent 


-10 

-19 

-5 

-9 

-13 

+7 

-1 

-3 

-4 

—7 

-C 

-2 

•flS 

-h23 

Hi 

-f 

-14 

-4 

-3 

Minute volume in 

cc. 

before 

after 

B 


B 

■ 

B 

B 

1 

B 


1 

B 


Tidal air in cc. 

before 

after 

424 

422 

49S 

345 

332 

343 

3SS 

340 

433 

233 

549 

433 

523 

456 

330 

436 

423 

357 

231 

274 


Respirations per 
minute 

before 

after 

14 

13 

12 

17 

15 

16 

■ 

19 

25 

15 

IS 

17 

17 

13 

17 

20 

22 

17 

19 


Ventilation equiv- 
alent in liters 

before 

after 

2.4 

2.5 

2.5 

2.6 

2.S 

2.1 

2.3 

2.4 

3.7 

3.5 

3.0 

3.2 

2.4 

2.0 

1.6 

2.5 

3.4 

3.5 

2.2 

2.6 


Vital capacitj’ in 
cc. 

before 

after 

B 

1 

m 

B 

1,410 

1,040 

8 

3,810 

2,320 

2,220 

1,620 

8 

1,950 

1,390 


Reserve air in cc. 

before 

after 

725 

3GS 

207 

166 

823 

331 

456 

166 

124 

166 

249 

0 

737 

497 

i 

621 

372 

426 

166 


Complementary 
air in co. 

before 

after 

1.4S1 

1,490 

1,365 

749 

I,6S0 

1,396 

1,306 

S64 


1,332 

1,172 

2,495 

1,867] 

1,633) 

1,184) 

1,536) 

1,361 

,243 

950 


Ma.\imum br. cap. ' 
in liters ^ 

before 

after 

51. C 
43.9 

m 

m 

m 

[I 

27.4 

26.6 

49.4 

49.4 

94.2 

69.3 

1 

■ 

47.8 

43.9 

Maximum br. cap. 1 

Minute volume j 

before 

after 

m 

4.2 

3.7 

7.S 

11.0 

7.1 

6.2 

3.1 

3.7 



15.6 

7.0 

4.3 

5.3 

10.0 

8.4 



in all but 2 cases, 
cases. Maximum 


Reserve air and complementarj’- air became smaller in most 

, , . j Maximum breathing capacity 

breathmg capacity and Mh m te v d ume 


creased more frequently than they increased. 

After a seven or eight-rib thoracoplasty (table 3) o.\ygen intake and basal 
metabolic rate dropped in most cases. No explanation could be given for the 
significant rise in one case (no. 215). The minute volume showed changes to 
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either side. The tidal air usually decreased. The respiratory rate showed more 
often a tendency to increase. The ventilation equivalent showed changes to 
either side. Vital capacity and reserve air dropped in all cases, the complemen- 
tary air in all but one. Maximum breathing capacity and 

Maximum breathing capacity decreased more 

Minute volume 

frequently than not. From the clinical and roentgenolo^cal changes after 
thoracoplasty it is not possible to explain why the functional changes were dif- 
ferent in different patients. 


TABLE 4 


Spirometry before and after thoracoplasty 
Average, maximum and minimum data 



Oa INTAKE IN CC. 

8 

Ci 

« 

a 

a 

MINUTE VOLUME 

IN CC. 

TIDAL Alll IN CC. 

C( 

M 

04 

Cl) 

v: 

o 

eg 

0. M 

a 

fi 

VENTILATION 

EQUIVALENT 

IN LITEBS 

VITAL CAPACITY 

IN CC. 

U 

u 

g 

el 

t4 

» 

>« 

< 

u 

MAXIMUM BBEATH- 
ING CAPACITY IN 
LITEBS 

04 

< 

U 

fit 

a 

s 

ts 

< 

a 

1 

O 

a 

o 

> 

» 

H 

S 

Z 

S 

NnUBEE OP patiekts. . . 

25 

25 

26 

26 

26 

25 

26 

26 

26 

26 

26 

Average 

before . . . 

225 

-4 


450 

16 

2.7 

2,710 

487 

m 

52.9 

7.7 

after 

219 

-6 

7,270 

428 

18 

2.9 

2,110 

295 

B 

47.7 

6.7 


before . . . 

326 

+18 

9,690 

808 

20 

3.8 

4,620 

1,242 

3,049 

94.1 

15.6 

XligXitiJtit 

after 

328 

+23 

12,620 

842 

25 

5.1 

3,520 

808 

2,435 

71.4 

11.0 


before . . . 

m 

-23 

4,780 

281 


1.6 

Wlii 

124 

632 

25.0 

3.1 


after 

ii 

-23 

5,210 

255 


2.0 



586 

22.0 

3.7 


TABLE 5 


Frequency of changes in total lung functions following thoracoplasty 



Oi 

INTAKE 

B U E 

MINUTE 

VOLUME 

TIDAL 

AIB 

: KESPI- 
BATIONS 
PER 

MINUTE 

VENTI- 

LATION 

EQUIV- 

ALENT 

VITAL 

CAPAC- 

ITY 

1 

RE- 

SERVE 

ALB 

1 

COMPLE- 

MEN- 

TARY 

AIR 

MAXI- 

MUM 

BREATH- 

ING 

CAPA- 

CITY 

04 

s 

pe 

a 

g 

s 

■-I 

O 

> 

z 

|9 

Increase 

3 

3 

8 

5 

17 

9 

1 

3 

2 

4 


5 

Unchanged 

19 

20 

13 

10 

5 

9 

2 

4 

4 

9 

9 

Decrease 

3 

2 

5 

11 

4 

7 

23 

19 

20 

13 

12 


Table 4 gives the average, maximum and minimum data for all spirometric 
studies before and after thoracoplasty. In a different way, the findings are 
summarized in table 5. Those in which the pre- and postoperative figures differ 
by less than 10 per cent are classed as unchanged. 
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■We see that oxygen intake and basal metabolic rate showed a shght tendency to 
decrease but remained xmchanged in the majority of the cases. The average 
minute volume increased slightly. As the resph-atory rate increased at the same 
time, the average tidal ah' decreased, and in single patients it decreased more 
often than it increased. With a decreasing oxygen intake and an increasing 
minute volume, the ventilation equivalent increased slightly. However, in 7 
cases there was a decrease of the ventilation equivalent, indicating an improve- 
ment of the respiratory efficiency. All the changes mentioned above were very 
small and there was no significant difference between more or less extensive 
thoracoplasties. 

The average vital capacity dropped by approximately 22 per cent. In 23 
cases it decreased; in only one it increased after a five-rib thoracoplasty. The 
more Extensive the thoracoplasty, the greater was the drop of the vital capacity 
in average. All the subdivisions of the vital capacity behaved in a similar way, 
with the reserve air affected most markedly; its average dropped by about 40 
per cent. The reserve air also showed definitely an increased drop with an in- 
crease of number of ribs removed. The average decrease of the complementary 
air was 22 per cent. These results correspond well with the observations of 
Coumand and Richards (8), who found that a correlation existed between the 
munber of ribs resected and the decrease in vital capacity. Table 12 discloses 
that the tidal air is a larger portion of the vital capacity after thoracoplasty than 
before, whereas reserve air and complementary air are relatively slightly smaller. 

The average maximum breathing capacity decreased by about 10 per cent; 
only 13 out of 26 cases showed a decrease, whereas in 4 cases an increase was seen. 


The ohmges of the faetor Maximum breathing capacity Coumand 

Mmute volume 


and Richards (8) have pointed out that no correlation existed between the number 
of ribs resected and the ratio 


Maximum breathing capacity after thoracoplasty 
Maximum breathing capacity before thoracoplasty 


The changes of maximum breathing capacity and 


Maximum breathin g capacity 
Minute volume 


are shown in an additional table (table 6) because we believe that these data are 
the most significant of all indicating respiratory function. It shows how little 
this fxmction is affected in average, how frequently there are no changes or even 
increases, indicating functional improvement in spite of or due to the operation. 

Brcmchospirometry: Of our 26 patients, 12 received thoracoplasties on the 
right side and 14 on the left. 

The bronchospirometric findings for each lung are presented in tables 7 to 9. 

After a four or five-rib thoracoplasty (table 7) oxj^gen intake decreased in the 
thoracoplasty lung. In one case (no. 46) in which it was very low before the 
operation there was no further decrease. On the contralateral side there was an 
increase in all cases. Minute volume and tidal air showed changes to either side 
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in both lungs. There R^as a remarkable drop of the ventilation equivalent in the 
case which had the extremely poor function before thoracoplasty. The vital 
capacity dropped or remained unchanged on the operated side, and showed 
changes in either direction on the contralateral side. Reserve air and comple- 
mentarj’' air showed, in both lungs, changes to either side. 

After a six-rib thoracoplasty (table 8) the oxj’'gen intake showed a tendency to 
decrease on the operated side and a tendency to increase on the contralateral 
side. Minute volume and tidal air showed, in both lungs, changes to either side, 
as did the ventilation equivalent. The vital capacity decreased in all cases on 
the thoracoplasty side and showed changes in either direction on the contra- 


TABLE e 


Change of maximum breathing capacitg and 


Maximum breathing capacity 
Minute volume 


t caused by thoracoplasty 


rooi- OK rn'E-KIB TnOKACOrLASTY 

SIX-KID raOKACOPWSTY 

SEVEN- OS Eionr-SIB TBOEACOPLASrr 

Cue 

Maxi- 
mum 
br. cap. 
change 
in per 
cent 


Case 

Maxi- 
mum 
br. cap. 
change 
in per 
cent 


1 

1 

1 

j Case 

Max- 
mum 
hr. cap. j 
change 
in per ] 
cent 

Max. br, cap. 

Minute volume 
change in 
per cent 

Minute volume 
change in 
per cent 

Minute volume 
change in 
per cent 

276 

-24 

wmm 

69 

+6 

+10 

60 

-15 

-8 

46 

-4 


114 

-22 

-25 

51 

-12 

-12 

79 

-1-6 

-20 1 

137 

-2 

-11 

215 

+29 

+41 

61 

+33 

+22 

161 

+49 

-8 j 

274 

-23 

-13 

283 

-1 

±0 

152, 

-12 

-38 

21 

-22 

+19 

300 

-20 

-18 

150 


+50 1 

67 i 

+0 

-5 

329 

-32 

-7 

223 

+6 

+4 

301 

+26 

-10 




298 

-31 

-43 

314 

-33 

-45 




315 

-38 

-55 

338 j 

+15 

+23 






j 

115 

-8 

-16 

Average 

-6 

-6 


-14 

-13 


-8 

-3 


lateral side. Reserve air and complementary air decreased in all thoracoplasty 
lungs and showed changes in either direction in the contralateral lung. 

After a seven or eight-rib thoracoplasty (table 9) the oxygen intake decreased 
in the thoracoplasty lung in all cases but one in which it had been low before the 
operation. In the contralateral side changes in either direction were observed. 
The minute volume showed changes to either side in both lungs. The tidal air 
decreased in most cases on the thoracoplasty side and showed changes in either 
direction on the contralateral side. Vital capacity, reserve air and comple- 
mentary air decreased on the thoracoplasty side and, -with one exception, on the 
contralateral side; the vital capacity decreased also in all but one case; reserve 
air and complementary air showed changes in either direction. 

The findings for all cases are summarized in table 10. In order to show 
more clearly the changes following thoracoplasty, they were calculated in per- 
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TABLE S 


Bronchospirometry before and after six-rib thoracoplasty 



59 

114 

137 

151 

152 

156 

223 

298 

■ 



J 

Interval hetwen last staec and broncho- ( 

2i 

7 mos. 

5 mos. 



8 mos. 

4 mos. 





mos. 

3 mos. 

3 mos. 

6 mos. 

5 mos. 

* 
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99 
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6S 

95 
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64 
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after. . . . 

74 

57 


69 
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65 
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TABLE 9 

Bronchospirometnj before and after seven- or eight-rib thoracoplasty 


Patient notibee 


Interval between last stage and 


SI 

215 

274 

21 

6? 

801 

314 

338 

US 

7 mos. 

my 

3 mos.l 

14 xnos. j 

8 mos. 

4 mos. j 
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5 mos. i 
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Right j 

Right 

Utt 

Left 

Left 

1 Right j 

Left 1 

Lett 

Right 


I intakel 
in cc. / 


before... 
after. . . . 
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before. . . 

2S8 

33 

in cc. J 
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12 



Reserve 
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air in 
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after, . . . 

Comple- 
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men- 
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after .... 

Respira- 

before. . . 

tions 


per 

minute 

1 

after .... 

Oi intake 

before . . . 

in cc. , 

after. . . . 



■g Tidal air 1 
”3 in cc. J 


before . . . 254 

after .... 304 


Q Ventila- before . . . 
' tion 
equiv- ■ 
alent 

in liters! after.... 




2.1 2.1 


2.2 1.9 


252 

218 

263 

393 
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TABLE 9 — Conlimied 


PATIEKT NUilDEE 

50 

51 

215 

274 

2l 

67 

301 

314 

338 

115 











Inlen’al between last stage and 
bronchospiroma 

2 mos. 

7 mos. 

4 mos. 

3 mos. 

14 mos. 

8 mos. 

4 mos. 

7 mos. 

5 mos. 

11 mos. 

side 

Right 

Right 

Right 

Left 

Left 

Left 

Right 

Left 

Left 

Right 


Vital cap.l 
in cc. J 

before. . . 
after .... 

s 

a 

1,930 

1,530 

fl 

1,010 

1,330 

1,680 

1,350 

1,330 

1,060 

m 

m 


Reserve ^ 

before . . . 

414 

290 

621 

725 

166 

■ 

414 

166 

621 

359 


air in 
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after .... 
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373 

497 

352 


■ 

83 

476 

497 

331 



before. . . 


453 


569 
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841 

833 
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to 

J 

o 

men- 
tary 
air in 

cc. 

after . . . . 

787 

494 

S37 

469 

1 

523 

1,073 

292 

667 

257 

u 
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Roentgenological 
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4^ 

eS 

n3 

44 

CQ 

*3 
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44 
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Normal 

Normal 

Normal 

Slight apical fibrosis 

A few small fibrocalcific s 
tered lesions 

Diffuse nodular dissemin! 
lesions 

Many small calcific nod 
throughout upper lob 

Diffuse fibrosis and mode 
emphysema throughou 
upper third 

Moderate fibrosis of uppe 
lobe 

d 

d 

Pi 

44 

09 

.2 « 

® s. 

^ d 
cd 

"S 

'd 

o 
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centage of the total pulmonary function, the total pulmonary function being 
determined by adding the function on both sides. (For details see Leiner (14).) 

The thoracoplasty lung showed the following changes: The average oxygen 
intake decreased by about 20 per cent; the minute volume by 10 per cent; the 
tidal air by about 20 per cent. The slight decrease of the ventilation equivalent, 
indicating an improvement of the pulmonary efficiency following -thoracoplasty, 
seems noteworthy. The vital capacity dropped by about 35 per cent, the reserve 
air by about 55 per cent, the complementary air by about 40 per cent. The 
decrease of the vital capacity and its subdivisions showed some relation to the 
extent of the thoracoplasty. 

Table 12 reveals that, among the subdivisions of the vital capacity, the reserve 
air showed a considerable drop in relation to the vital capacity, the tidal air a 
corresponding increase, with the complementary air remaining practically 
unchanged. 

The contralateral lung compensated by an increase in the oxygen intake, 
brought about only partly by an increase in the minute volume.' The ventilation 
equivalent, therefore, decreased very little. The vital capacity and its sub- 
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TAnLK 10 


lironchospirovictri; before (tnd after Ihoracoplasly (Jour to eight ribs) 
Avpr.'iKf, nin.viinutn nml minimum data 
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TABLE 11 


Frequency of relath'c changes in the fxtnclions of each lung following thoracoplasty (four 

to eight ribs) 
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TABLE 12 


Averages of subdivisions of vital capacity in per cent of vital capacity, before and after four- 

to eight-rib thoracoplasty 
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‘'Uiuowliat, much uf tMuirM’ than on tlu* (lioraco))la''ty 
‘.iih'. .--o that tlu'v ^houtai a u'lalivo inori'a'-o, i-ompau'd witli Iho oihor side 
(.taldc in. 'I'ho n'latioii of tidal air, JC'-civc air and roniplrmontarv air to cacli 
otlii'r and to the vit.al capacity icinaincd practically unchanged (t.aldc 12). 

One typical ca>:c will he pic'-cnled in detail in older to illustrate lietter the 
onVot.s of a thoracojihi'-ty on ))u!m >naiy ftiiiclions. 

The patient, no. 27-}, K. (!., wa^ a 41 ye.o <'1<1 woman. Tiic onset of liei disease was in 
1031 with a heinoptysi-. A left inieiiinofhoniv was iiifhicetl in ]f)31 and ahaiuloncd in 



I’lo I Fio 2 

Fig 1 Chest X-ray film of jiaticnt F. C., Mareli 2S, 1911. 

Fig 2. Chest X-ray him of same jiatient, Xovcniber3, 1911, four moutlis after the third 
stage of a seven-rih thoracoplasty on the left. 

1937, apjiatenfly as tcehnieallj- unsatisfactory. Siiiiomctiy was done on Match lo, 
1941, bronchos])iiomctry on Marcli 24, 1941. The X-iay pictnie of Match 2S, 1941 
(figuic I) .show.s; Left lung — involvement from ajiev to second anteiior rilj with fibiosis 
and multiple .small cavities. .Slight mediastinal .shift to the left; costodiaphiagmatic 
angle obliteiated. llight lung — slight fibiosis fioni apev to second anteiioi inteispace. 
A tliieo-stagc (.sevcn-iib) thoiacoplasty on the left W'as peifoimed in Maich, May and 
July, 1941. The spuometiic and bioncospiiomctiic studies weie lepeated on Oetobei 
7, 1941 and October 10, 1941, lesiiectively. The X-iay examination on Novembei 3, 
1941 (figuic 2) showed; Uppei scven-iib thoiacoplasty on the left with modeiate collapse. 
Slight scoliosis. Right lung unchanged; some deviation of the mediastinal stiuctuies 
to the light. 

The .spiioinetiic findings weic as follows (giaph 1): (The fii.st half of each double column 
piescnts tlie values bcfoio thoiacoplasty, the second half, aftci thoi.aco])lasty.) Tlieie 
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Capacity VoLUwt tQuivAu-ENT 


Graphs 2 and 3. Bronchospirometric findings in patient E. G.; the first half of each 
double column as of March 24, 1941, and the second half as of October 10, 1941. 


209 


210 


GEOKGE C. LEINER 


was an insignificant decrease of the oxygen intake, associated with an insignificant re- 
duction of the basal metabolic rate from —1 per cent to —3 per cent. Minute volume 
and tidal air decreased slightly, as did the ventilation equivalent. There was a consider- 
able drop of the vital capacity and its subdivisions. The last pair of columns in graph 
1 show that, in percentage of vital capacity, the tidal air increased from 18 to 25 per 
cent, the reserve air decreased from 21 to 12 per cent and the complementary air 
remained practically unchanged. Maximum breathing capacity and the factor 


Maximum breathing capacity ... i ■, r 

— , which were defimtely below normal before 

Minute volume 


the operation, 


showed only a moderate decrease. 


- L€FT 

PcrC-snt 
90 j- 

soL 


.70 

to 



55 21 94 Zf 34 10 28 27 47 H 

Q-lNTAir-E Vital Compl-e- Mi’nut-e 

Capacity Ais iaentaby Volume- 

•Ail? 

Graph 4. Bronchospirometric data for left lung in per cent of total pulmonary function, 
before and after thoracoplasty. 


Graph 2 reveals the changes which took place on the thoracoplasty (left) side; graph 
3 those of the contralateral (right) side. 

There was a slight decrease of the oxygen intake and the minute volume on the left 
side, a compensatory increase on the contralateral side. The ventilation equivalent on 
the thoracoplasty side had been high before the operation and remained high. The 
vital capacity dropped considerably on both sides. The decrease on the contralateral 
side is apparently caused by mediastinal shift and by the postoperative scoliosis, pro- 
ducing a narrowing of the interspaces in the upper portion of the right hemithorax. 

Graph 4 shows the percentage that the left (thoracoplasty) lung contributes to the 
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tolfll pulmonary function, before and after thoracoplasty. A normal left lung contributes 
approximately 4G per cent to the total pulmonary function and total pulmonary volume, 
respectively. Before the operation, this patient already had diminished functions of 
the left lung (with exception of the minute volume), caused by parenchymal disease, 
pleural obliteration and incomplete reexpansion following pneumothorax, the figures 
ranging between 28 per cent for complementary air and 35 per cent for oxygen intake. 
Following thoracoplasty there was a further diminution of all figures. 


DISCUSSION 

Spiromelric and bronchospiromctric studies w'ero done in 26 patients before 
and several months after four to eight-rib thoracoplasties. 

There was only a very slight decrease of the oxygen intake and of the basal 
metabolic rate, definiteb' less than under pneumothorax treatment (Leiner (14)). 
Minute volume and tidal air, which did not change under pneumothorax treat- 
ment, showeet either a slight increase or a slight decrease. The ventilation equiv- 
alent increased very slightly as it did in the pneumothorax group. 

The average ventilation equivalent before thoracoplasty was slightly higher 
than before pneumothorax, apparently indicating that the thoracoplasty group 
as a whole had a somewhat poorer pulmonary function than the pneumothorax 
group. The originally poorer function in the thoracoplasty group is also seen in 


the factor 


hlaximum breathing capacity 
Minute volume ’ 


which is here definitely lower than in 


the pneumothorax group. 

In 7 out of 25 cases the ventilation equivalent decreased, compared with 2 
- among IS pneumothorax cases; apparently, thoracoplasty tends more often to 
improve the respiratory efficiency than pneumothorax because it is more suc- 
cessful in establishing selective collapse of diseased lung tissue. 

The average reduction of the vital capacity was less pronounced than under 
pneumothorax treatment: 22 as compared with 30 per cent. Similarly, reserve 
air and complementary air decreased less under thoracoplasty than under pneu- 
mothorax. Therefore, the relative increase of tidal air in percentage of vital 
capacity was less under thoracoplasty than under pneumothorax. 

The decrease of maximum breathing capacity and 


Maximum breathing capacity 
Minute volume 


was less extensive in the thoracoplasty cases than 


in the pneumothorax cases. In only 12 of 26 thoracoplasty cases was there a 


decrease of the factor 


Maximum breathing capacity 
Minute volume 


compared with 13 out of 


18 pneumothorax cases. 

On bronchospirometry there was a decrease of all data in the collapsed lung. 
However, the decrease of the oxygen intake was only about two-thirds of that 
under pneumothorax treatment. The oxygen intake decreased only 9 out of 17 
times compared to 13 out of 17 times under pnemnothorax. 
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The difference in the behavior of the ventilation equivalent between thora- 
coplasty and pneumothorax is striking. The decrease in the first, the increase 
in the last prove the better functional results of thoracoplasty. 

Vital capacity, reserve air and complementary air dropped considerably, 
though definitely less than under pneumothorax treatment. The relative 
changes of the subdivisions of the vital capacity were less pronounced after 
thoracoplasty than under pneumothorax. 

On the contralateral side the changes were less frequent and in average less 
extensive than in the pneumothorax cases. The compensatory changes w'ere 
less obvious: The relation of the subdivisions of the vital capacity was hardly 
disturbed as compared with pneumothorax cases, possibly due to more rigid 
mediastinal structures and lesser increases in intrapleural pressures in the 
operated hemithorax. 

The group of thoracoplasty patients is, of course, too small, and there are too 
great individual variations, each case shovdng different preliminary conditions, 
to permit final conclusions. Only some data showed a relation to the extent of 
the thoracoplasty. 

The observation that thoracoplasty seems to affect pulmonary functions less 
than pneumothorax may be due to the following facts: (J) under thoracoplasty 
the collapse is more often “selective” than under pneumothorax; (2) the lung is 
more often more damaged prior to the operation than the lung which undergoes 
pneumothorax treatment; (S) a certain amount of restitution probably takes 
place in the thoracoplasty lung. 

It is of course not entirely justified to compare the functions of thoracoplasty 
lungs with those of pneumothorax lungs; they should be compared with lungs 
reexpanded after pneumothorax treatment. However, it has been pointed out 
in a previous paper (13) that such lungs frequently show very poor functions. 
More detailed studies of the function of reexpanded pneumothorax lungs will 
soon be published. 


SUMMARY 


1. Pulmonary function was studied by spirometry and bronchospirometry in 
26 patients before and after four to eight-rib thoracoplasties. 

2. Total pulmonary functions showed in the average the following behavior: 
There was a slight, insignificant decrease of oxygen intake and basal metabolic 
rate. There was a slight increase of the minute volume of respiration and of the 
respiratory rate and a slight decrease of the tidal air. The ventilation equivalent 
increased slightly. Vital capacity, reserve air, complementary air, maximum 


breathing capacity and 


Maximum breathing capacity 
Minute volume 


showed a definite decrease. 


3. Bronchospirometry revealed the following changes in the collapsed lung; 
a decrease of oxygen intake, minute volume and tidal air; a slight decrease of the 
ventilation equivalent, shovung a more efficient use of the ventilated air. Vital 
capacity, reserve air and complementary air dropped considerably. 

4. The contralateral liing wms affected as follows: there was a compensatory 
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increase of the ox3’’gen intake, a slight increase of the minute volume; tidal air 
and ventilation equivalent showed no significant change; vital capacity, reserve 
ah’ and complementarj’- air dropped slightly. 

5. On the thoracoplasty side, the tidal air presented a larger part of the vital 
capacity after thoracoplasty than before. On the contralateral side, the relation 
of vital capacity to its subdivisions remained unchanged. 

6. The impairment of pulmonary functions under thoracoplasty treatment is 
less severe than under pneumothorax treatment. 

7. The results are illustrated by a representative case. 

SUMAHIO 

1. En 26 enfermos se estudid la funcidn pulmonar por medio de la espiro- 
metria y la broncoespirometria antes y despuds de ejecutar toracoplastias que 
comprendieron de 4 a 8 costUlas. 

2. Las funciones puhnonares totales revelaron en conjunto el siguiente com- 
portamiento : hubo una leve e insignificante disminucidn de la entrada de oxigeno 
y del coeficiente del metabolismo basal, leve aumento del volumen respiratorio 
por minuto y de la velocidad respiratoria y leve disminucidn del aire inspirado y 
espirado. El equivalente de ventilacidn aumentd ligeramente. La capacidad 
pulmonar, el aire de reserva, el aire complementario, la capacidad respiratoria 

. . , capacidad respiratoria mdxima , j- • v 

maxuna y la r ^ revelaron una dismmucion men 

volumen por minuto 

definida. 

3. La broncoespirometria revel6 las siguientes alteraciones en el pulm6n 
aplastado: disminucidn de la entrada de oxigeno, del volumen por minuto y 
del aire entrado y salido; ligera disminucidn del equivalente de ventilacidn, 
revelando empleo mds eficaz del aire ventilado. Descendieron considerablemente 
la capacidad pulmonar, el aire de reserva y el aire complementario. 

4. El pulm6n contralateral se afect6 en la forma siguiente: hubo aumento 
compensador de la entrada de oxigeno, leve aumento del volumen por minuto; 
la corriente de aire y el equivalente de ventilacidn no revelaron alteraciones 
significativas; la capacidad pulmonar, el aire de reserva y el aire complementario 
disminuyeron ligeramente. 

5. En el lado de la toracoplastia el aire inhalado y exhalado representd una 
proporci6n mayor de la capacidad vital despues de la toracoplastia que antes. 
En el lado contralateral no se altero la reacci6n de la capacidad vital con bus 
subdivisiones. 

6. La disminucihn de las funciones puhnonares es menos intensa con la toraco- 
plastia que con el neumotdrax. 

7. Demu&trase el resultado con un caso tipico. 
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SPREAD OF TUBERCULOSIS IN FAMILIES OF TUBERCULOUS 

PATIENTS 

P. K. TELFORDi and RUTH GARTEN-WHITE' 

A tabulation of the family records of patients 'nith activ’^e tuberculosis imder 
the super\dsion of the Los Angeles County Health Department has brought to 
light some interesting facts regarding the susceptibilit}'’ of the members of certain 
families to the spread of this disease. Because anj”- person may acquire tubercu- 
losis, we have been inclined to discount the lay conception that there is a familial 
susceptibility or resistance to tuberculosis; but our figures have forced the con- 
clusion upon us that there is some factual evidence in support of this belief. 
Some supposedly well-established factors in resistance and susceptibility must 
be reevaluated "with the accumulation of further data. We may consider these 
factors as falling into groups of slight, moderate and major importance: fresh air, 
sunshine, diet, occupation, physical and emotional strain, and so on down a long 
list. 

Our figures show that a comparatively small proportion of the families avposed 
present nearly all of the new cases. The attributes of these families which make 
them more than ordinarily susceptible deserve earnest study. Preventive meas- 
ures within or concerning the family v-ill be successful in proportion as they are 
pointed toward the major elements of spread, and these are still not yet quite 
clear. A family is a complex unit, axhibiting characteristics, traits and habits 
representing the molding forces that have been in operation for generations. 
Even though the faults of these families may not be easily corrected, if they can 
be defined so as to be readily recognized, they can be made the object of intensive 
health supervision. These families merit a larger proportion of the tuberculosis 
prevention budget than is generally allotted to them, and more cases vill be pre- 
vented by tills means than by spreading available funds more tliinly over the 
whole community. 

Recent literature gives this problem some consideration. Rich (1) states: 
"In the case of tuberculosis, the influence of heredity is now regarded as a very 
real and a ver}-- important one, but it is regarded by most thoughtful students of 
the disease as a problem that still requires careful study before we shall bo .able te 
define its limits.” 

Puffer (2) quotes Hirsch, who stated in 18S3 that disease occurs after contact 
but there is also another factor. He pointed out that consorts not related by 
blood, as well as relatives by blood, arc included in the .susceptible family groups. 
Thus he emphasized that transmission of infection is more likely to occur under 
certain conditions than under others. 

Puffer also quotes from the Williamson Count}', Tennessee, studies showing 
that consorts to a spouse with a positivesputum and Imving tuberculosis in fbeir 
family historj’- have three times the number of manifest cases developing as those 

' Los Angeles County Ilcalth Department, Ia>s Angeles, Califomi.a. 
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in the same status except wth a negative past family history. She states that 
this evidence of familial susceptibility is a factor in the development of this dis- 
ease, as well as is exposure to infection. She realizes, however, that massive 
exposure in childhood may have been a contributing factor in causing this 
difference. 

Pottenger (3) has emphasized the occurrence of endogenous spread. Tlie im- 
portance of possible earfy infection must be taken into account in considering the 
much greater extent of disease in consorts with a family histor}’- of tuberculosis as 
compared with those without such history. 

Again Puffer quotes Pirmer (4): "In the explanation of these changes, the 
relative frequency of susceptible and resistant strains is one prominent factor. 
The dying-out of susceptible strains leaves more favorable balance between sus- 
ceptible and resistant strains which accounts in a large measure for the most 
prominent features of the epidemiological development.” She makes much of 
this hopeful fact in her summary. 

This thought makes it seem possible that Mendelian difference in hereditary 
familial resistance might explain the great resistance which is oddly exhibited by 
some siblings.' This is possible although we ". . . are unable to explain the 
observed facts in human tuberculosis in terms of Mendelian theorjL” (Rich (1) 
p.157.) 

It is characteristic of tuberculosis in Southern California to be concentrated in 
a few r^tricted neighborhoods. The new cases, the location of which we visual- 
ize by the use of pin maps, reveal closely grouped cases in certain comparatively 
congested areas. These areas are inhabited chiefly by families in the low income 
brackets, with all the other attending conditions W'hich favor the spread of dis- 
ease. The cases in these areas are usuaUy the newly diagnosed ones, in distinc- 
tion to the groups of chronic cases of the foothill areas, new in residence only, the 
patients usually being those wko have long knovni that they have tuberculosis 
and have moved to the footliills to obtain the benefit of the moderate altitude and 
the diy climate. It is tow^ard the poor people in the congested neighborhoods 
that we have long directed our concentrated efforts in the prevention of the spread 
of tuberculosis. 

Tuberculosis attack rates must be given careful consideration in choosing 
groups for survey work and for the application of other special preventive meas- 
ures. The slogan “An X-ray of Everyone” points to an ideal goal, performs use- 
ful groundw'ork and aids physicians in thinly populated areas, but should not 
deter large health agencies from carefully planning the use of the bulk of available 
funds on selected groups. Local surveys made in our congested neighborhoods 
have been a full-time activity of our departmental survey group for the past four 
years. A house-to-house canvass in poor neighborhoods has detected five times 
as much active pulmonaiy tuberculosis as has been found by an equivalent 
amount of effort expended in other types of surveys. One must acknowledge the 
fertile field found in public institutions as emphasized by Edwards (5) and others, 
but that is quite unrelated to our present study. We desire more information 
about the reasons for spread in the homes w'here tuberculosis thrives. We work 
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in Uir hotnr-^', Ihu'^ c,\ainintng not only the w.npc-canicr hut all other adults and 
the older chiUitvn. 

Crowtlcd livinfj quarters constitute a nmjor fault. It li.ns been felt by some 
that thi-i i« |mtnaril\- .an rconoinie problcju. Hut in .spite of generally improved 
economic conditiotis, wv .«hould not lightly db-ini.ss this factor as one tliat no 
longer plays n major rule, 'nioucands of these fainilic.s have been moved to mod- 
em housing projects and nuiny of them h.ave been c.'iming big wages for j'c.ars, 
but loo often they h.ave Jevertc-<1 to their old living habits tn'llnn (he new multi- 
f.amily dwellings. These habits had been gradually molded into inlierent 
eh.arae(eri'-tit^ that will rt'quire long and pain.staking efforts to change. The 
more intimately we know them, the more effectively c.an we work to improve 
thrm. 

In 1050, the elinicians in llie Tubcrcnlc.si.s Division of the Los Angeles County 
llr.aUh Dej>artinenl analynd the family rerord.s of all our ca.scs of active reinfec- 
tion tyjH; tuberrulofis to dctcmiino the cfTccl.s of contagion in the family. The 
dbt«u)t past liistorj’ of the hamilics was ignored and onh- (hose conditions tabu- 
lated ■nbich occurre-r] during the life of our record.s. All c.ascs found in the family 
within six months of (he lime the first c.asc in the family was diagnosed in our 
clinic were considered! as oripnal case.s. Only (hose detected thcrc.aftcr were 
con.ridore<l .as new c.ws whose infection wa-s prc-siimably due to avposure during 
the ixTiod the famii.v w.as under obscra-ntion. Likewise, contacts with no active 
tuberculosis were not included in our tabulations unless they had been under 
ob.scn’alion sl.x months or longer.* 

Table 1 .‘•hov's the figurc-s for 50G families arith 595 original eases and 1,G37 
other jjcrson.s exposed, Tlierc were 135 new active eases developing among these 
axposed persons, or S.25 per cent. Of these, 4 were active nonpulmonary, 45 
avere active primary and SG active reinfection type piilmonarj" tuberculosis. In 
other word.s, slightl.v more than 5 per cent of the 1,037 contacts developed active 
reinfection type jrulmonnry tuberculosis six months or more after the discovery 
of the first known ca.se in each of the rasircclivc families. 

In table 1 the families were dianded into four groups avith dilTcrent degrees of 
exposure. In the group aanth but one actia'c original ca.se, and it haadng a nega- 
tive sputum, the .amount of .sjrrcad avas less than one-half that in any of the other 
groups. Ilowea-cr, there is caadcncc of a real danger to contacts even in this 
group. 

We have here data bearing on the attack rate in the families of tuberculous 
patients, avhich is much more important than that for the aa'hole population. 
Tile results further emphasize the need for a meticulously complete control of 
knoavn ca^es and sui>er\dsion of all family contacts as the first steps in prevention 
and case-finding, even though the loiown cases do not have positive sputum. 

’ Although this is a convenient segregation, it is a bit faulty. It assumes that all mem- 
bers of the family were examined within six months of the discovery of the first known, 
active case in the family, and that all examinations after six months were reexanunations, 
which is not entirely true; but we know from the typo of supervision we practice that 
exceptions arc rare and consist largely of contact examinations enforced by legal order or 
some delayed for other reasons. 
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Table 2 show’s the length of exposure in months and length of observation 
thereafter of persons in table 1. ■ , 

Table 2 di\ddes the contacts in the same family categories as shown in table 1 
and show’s for them both the average length of know’n exposure in months and 


TABLE 1 
t9!,0 Study 



KDKBEE 

OMCINAr 

CONTACTS 

KCW CASES 

NO Acrrvx disease 





Number 

Per cent 



Families with a positive-sputum 
case and more than one active 
original case 

36 

90 

116 

15 

13,0 

101 

S7.0 

Families with a positive-sputum 
case and no other active case 
within six months 

236 

236 

774 

78 

10.0 

1 696 

90,0 

Families with more than one origi- 
nal case with negative sputums.. 

25 

60 

92 

13 

14.0 

1 

79 

S6.0 

Families with a negative sputum 
case and no other active case 
within six months 

209 

209 

655 

29 

4.5 

626 

95.5 

Totals 

506 

595 

1,637 

135 


1,602 



TABLE 2 


1940 Study {continued) 


NEW CASES 

CONTACTS DE\XIOPXKC NO ACTTVE DISEASE 

Number 

Average montBs of 
exposure per case 

Average months o! 
observation per 

case, white not 

eiposed 

Number 

Average months of 
exposure per 
individual 

Average months of 
observ'&tion per 
individual after 
tennination of 
exposure 


Families with a positive-sputum case and more than one active original case 
15 I . 15 1 32 i 101 1 16 I 17 

Families with a positive-sputum case and no other active case within six months 
7S 19 I IS I 696 1 32 1 16 

Families with more than one original case with negative sputum 
13 1 31 I 15 8 79 1 31 1 15 


Families with a negative-sputum case and no other active case within six months 


29 

25 

10 

626 

24 

9 

135 



1,602 




the average length of clinical observation rrhile not exposed on account of the 
removal of the case or cases from the home, if such separation was accomplished. 
These contacts are di'i’ided into two groups : the first includes those that developed 
active tuberculosis; the second group those who did not. 
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Data in tables 1 and 2 cover our experience during the latter half of the 
1931-1940 decade. They depict conditions during the worst years of the depres- 
sion. Now, four years later, the staff has analyzed all of the present active cases 
as far as practicable, eliminating the families tabulated in the previous report. 
Unquestionably, there was improvement in the economic status of these families 
in the period covered in this latest report. There was less cause for congestion 
vithin the home, and with better living conditions and improved nutrition there 
should have been less likelihood of the spread of infection. The average number 
of months of exposure of fcontacts was also much less, because of improvement 
and e.xtension of our isolation technique. A prediction of a definitely lower 
attack rate based on these premises might, therefore, seem justifiable, but the 
results show that such a prediction would be in error. In 431 families with 1,264 
contacts, 60 cases of active reinfection type pulmonary tuberculosis developed 


TABLE 3 



FAUHIES 

PERSONS 

ORIGINAL 
CASES OF 
TDBERCU* , 
LOSIS 

CONTACTS 

PER 

PAMILY 

CONTACTS 
NOT DE- 
\'ELOPINC 
PISEASE 

CONTACTS 

OEVELOP- 

ING 

DISEASE 

No contacts 

33 

33 , 

1 

33 j 

0 

0 

0 

No new cases 

350 

1,395 

361 

3.0 

1,034 

0 

One new case 

40 

212 

40 

4.3 

132 

40 

Two now cases 

5 

39 

5 

6.8 

24 

10 

Three new cases 

2 

17 

2 

7.5 

9 

6 

Four new cases 

1 

10 

1 

9.0 

5 

4 


431 

1,706 

442 


1,204 

’ 60 


among the contacts, or an attack rate of 4.75 per cent. This is very little lower 
than the rate found in our previous survey. 

, The great hazard in these families with this high attack rate is apparently not 
only due to the direct spread of the infection which we as health officers con- 
stantly emphasize, but to many other conditions favoring the spread. As has 
been suggested by others, there must be some inherent fault either in their physi- 
cal or their mental make-up which makes the members of these families more 
susceptible than the average person; or there may be contributory domestic 
habits that have not been overcome by the usual public health education and 
supervision. 

Conditions in other families in similar communities were found to be quite 
different. The house-to-house X-ray surveys previously mentioned were carried 
' on in the most congested parts of these same areas, and 22,000 persons examined 
showed an attack rate of 0.5 per cent.* 

3 Statistics of tuberculosis diagnosis by X-ray surveys are usually not comparable to 
clinic figures and, because of differences in technique and criteria for cases, they are seldom 
comparable with each other. Cases in each instance here tabulated constitute diagnoses 
of active disease by clinic study. 
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Tho {j'lulfiii'v to i-|!ri':v(! in ri'rtnin fnsnilifT'', in cofnjinri' o?! with other 

fmsiilii'::, in (Irmojinlrutot! t>y tin* fact that in faiiii!i(«i having more than one care, 
even where no po itive a{uit«m cvui lie? found, there In n hifth attach rate. In 
other word', while there may he oidy intemiittent and rare |Knodn when a 
pa- itive-ajuituni condition exirila in the home with moo* than one ca'e, ycl there 
In npparently n marhfal tendenry in the e homea for infection toj'prr-ad to others. 

Tivhle .'5 rufnmarire.n the reault/i of the recent review. In thin table we h.ave 
divi<ie<l the cieea into ais: rlivj'dona: I'ind, tlaee who had no contact, ainplc 
IX'Uion!!; second, tho e families in which then' we.ee contacts? smd no now c.ane<i 
d(!velojH'<i; thinl, thon; families! with contact.*? and one new case dcvelopinp;; 
fourth, thore families! with contact.*! and 2 new caaea d'svciopinp; fifth, thosJc 
families! with contsictsi and 3 new c-ass-a developing; i;ixth, tho^e families with 
contnetsi and 4 new ese^est develoidtiK. 'i’lie definition of orijtina! ca-Mes and new 

TAlihi: t 


Dia^r.osn; 

Minimal 

MsKleralcty r.dv.nnfcd 
I'nr advanced 


TO c."..*?.**, or JG per cent 
ICG cft'ci, or 20 per cent 
105 c-vci!, or -tS per cent 

431 c-vc.*! JOO 


T.Sni.K 5 


Positive for ncid-fasl b.*iciUi. 
NcRnlive for ncid-fnsl Imcilli 
Sputum not c.xnmincd by us. 


20.3 c-s-'cs, or CkS per cent 
ISO c!v«c?, or 30 per cent 
S ciUTS, or 2 per cent 


cases i.s the .s.nme ns for (able 1 , ns c.xplnincd above. It Is a remarkable fact that, 
in tho 431 fatnilie.s reviewed, there were only 4S families in which one or more new 
cases dcvelojxsd, but this fact is partly explained In' the larger number of con- 
tacts per c.a.*:c in thc.se families. 

llie stntu.s of (he di.sc.a.so in the group of patients consisting of the first c.ase 
discovered in each of the 431 families is shown in tabic 4. 

This agrees fairly well with the epidemiological report b}’ tho California State 
Department of Public Health for the year 1913 (6), their figures being: minimal, 
21.2 per cent; modcratolj' advanced, 33.7 per cent; far ndv.anccd, 43.0 per cent. 

The sputum analyses for the group of patients consisting of the first case dis- 
covered in each of tho 431 families arc shown in tabic 5. 

The cases Avith sputum not axamined by us were emergency cases. They 
were sent to tho hospital and the laboratoty' ’'vork Avas completed there. 

Wc have always thought of the communicability of tuberculosis as a problem 
within the home Avhcrc there Avas prolonged exposure to a positiA'e-sputum case 
and a lowered resistance. Let us sec if this holds true in the 48 families who AA’cre 
tho offenders in tliis sur\'ey group. These 48 families gave rise to the CO new 
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cases of .tuberculosis, making the attack rate in the 1,706 contacts of all of the 
families 4.75 per cent. If these 48 families are considered separately, their 278 
contacts had an attack rate of over 21 per cent. Their exposure while under 
clinic' supervision is shown in table 6. 

The sputum analyses for the 48 original cases in these famihes are shown in 
table 7. 

There is a question as to the sputum analysis of this last case. The type of 
specimen examined may have been unsatisfactory and a sufficient number- of 


TABLE 6 


PAMILIES 1 

AVEKAGE EXPOSURE 

40 — One new case to the family 

17 months 

15 months 

14 months 

30 months 

.'i— -Two TiRW nnfifiR tf) n. fnmily. 

2 — ^Three new cases to a family 

1 — Four new cases to a family 



TABLE 7 



ORIGINAL CASE WITH POSITIVE 
SPUTUM 

ORIGINAL CASE WITH NEGATIVE 
SPUTUM 

40— -Onfi nftw n/i.qe to familv 

31 — 77.5 per cent 

3 — 60.0 per cent 

9 — 22.5 per cent 

2 — 40.0 per cent 

0 — 0 per cent 

5 — Two new cases to family 


1 — Four cases 

0 — 0 per cent 

1 — 100.0 per cent 



TABLE 8 


A. Patient potentially able to buy supplemental medical care 


{e.g. roentgenogram, drugs and supplies) 67 cases, or 20 per cent 

E. Patient unable to buy supplemental medical care 210 cases, or 62 per cent 

R. Recipient of relief and therefore unable to buy supplemental 

medical care 60 cases, or 17 per cent 

? No social history taken 3 cases, or 1 per cent 


340 cases, 100 per cent 


specimens may not have been run. If we accept the report, however, the average 
in the four groups shows a positive sputum in 75 per cent of the original cases. 
An average of the first three groups shows 77 per cent of the original cases having 
positive sputum. 

A new division was made in this sur\-ey. Ignoring for the moment the families 
developing active primary tuberculosis and no other type, the economic status 
was tabulated for those families developing active reinfection tjqie pulmonary 
tuberculosis in the contacts, and is slio'nn in table 8. 
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This division into economic status seems important. We liavc nhvays thought 
that tiic economic level played a role in tuberculosis. Poverty and social malad- 
justment were often present in these homes; only 20 per cent were able to pay for 
medical care. There is nothing about povertj' which by itself lessens resistance, 
but poverty often does set up conditions wliich giv'c the tubercle bacillus a chance 
to spread. 

Yet the economic status was not a prime factor. In the group of families with 
2 new active eases developing six months or more after the original ease was dis- 
covered, we found 5 families, or CO per cent of this group, able to afford private 
medical care. All 5 of these families were in one area and belonged to the same 
social grouj). It has been suggested th.at perhaps these families liad not lived 
long enough under the improved standard of living that we have had the last 
four years. It may take added years on a higher economic standard before the 
resistance of these families is improved. Confirming the family element in their 
susccptibilitj’’ is their comp.arativclj’’ shorter exposure. Eighty per cent of the 
original eases in this group were diagnosed as having minimal tuberculosis and 
only 40 per cent had a positive sputum, in contrast to. the whole number of 
families studied, in which the figures were 10 per cent minimal and 54 per cent 
positive sputum. 

With this high attack rate in certain groups of families, it would seem justifiable 
to isolate out of the homo cverj' active ease occurring in families uith histories of 
considerable tuberculosis. That seems to bo the best conclusion, although we 
have demonstrated in two separate projects that the same object may bo attained 
either in this way or in another, rvliich, however, is often too difficult to attain. 
The effectiveness of isolation of every active case out of the home was shown in a 
neighborhood in the Clcanvater district, where 9 deaths occurred in eighteen 
months in a small group of houses. An arbitrary edict was issued that no active 
case would be permitted to remain at home in that neighborhood, regardless of 
other circumstances. This stopped the spread and, except for rare importations, 
there have been no new cases. The other demonstration was in the San Antonio 
district, where there were a number of ex-sanatorium, chronic, advanced, com- 
municable cases that it was found possible to isolate within the homes with a little 
extra material assistance and under intensive supervision, with at least daily 
visits by some wnrker from our Department. This procedure was foimd to be 
effective in stopping the spread of infection, and w’e considered the cost less than 
institutional care, but we were unable to have it officially adopted by other dis- 
tricts on accoimt of various insuperable obstacles. 

We can conclude, at least, that isolation is essential in this tjT)e of family, pref- 
erably out of the home, or else in the home with considerable material assistance 
and intensive supervision. If this were done, wouldn’t our attack rate be less 
and wouldn’t we have few’er cases of tuberculosis due to familial contacts? 

smcaABT 

1. A review was made of families with active pulmonary tuberculosis and their 
familial contacts. Two surveys were made four years apart. 
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2. The attack rate among contacts was 5 per cent and 4.75 per cent, respec- 
tively, in the two different periods. 

3. The economic status was improved during the period of the last survey, but 
did not influence the findings to any appreciable extent. 

4. Isolation of active cases of tuberculosis, either outside the home or in the 
home with intensive supervision, should be stressed in proportion to the number 
of cases in the family or to cases known in recent family history. 

SUMAEIO 

1. En un estudio de ciertas familias con tuberculosis pulmonar activa y de 
Ibs'convivientes famihares realiz4ronse dos pesquisas a plazos de cuatro anos. 

2. El coeficiente de ataque entre los convivientes representd 5% y 4.75%, 
respectivamente, en las dos ocasiones. 

3. El estado econdmico mejord durante el perfodo del liltimo estudio, pero 
no afectd mayor cosa los hallazgos. 

4. Debe recalcarse el aislamiento, bien fuera del hogar o en el hogar con 
vigilancia intensa, de los casos activos de tuberculosis, en proporcidn al mimero 
de casos en la familia o de casos que revele la historia familiar reciente. 
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•COMMUNITY ORGANIZATION FOR MASS CHEST X-RAY SURVEYS 
A Plan In Operation in Delaware County, Pennsylvania ‘ 

J. W. CUTLER,* A. M. SHARPE,* J. W. WOOD* and R. W. BERNHARDT* 

It is universal^ recognized that tuberculosis is almost S 3 Tnptomless at its onset 
and may go undetected for a long time until it has reached an advanced stage, 
not infrequently until after the disease has been communicated to others. Since 
the patient wall not seek the phj'sician during the early stages of the disease, 
because he is not aware that an3d,hing is UTong, the ph3^ician must find ways 
and means to seek him. 

Experience has shoum that the only entirely satisfactory method of finding 
undiagnosed cases of pulmonary tuberculosis consists in making X-ray films of 
the chest of ever 3 ' person in the community, studying in detail those with ab- 
normal findings and repeating the process at regular inten’^als (l). 

' To conduct mass X-ray surveys in the community and 3 'et preserve stand- 
ards of medical ethics, build harmony between the practicing medical profes- 
sion, the departments of health and the voluntary associations, and at the 
same time stimulate a maximum of initiative and active participation on the 
part of' the public, presents a pressing problem in organization and cooperation. 

Can the departments of health and voluntary associations expect to get the majority 
of practicing doctors actively and continuously interested in cooperating in tuber- 
culosis case-finding? This question takes on immediate importance •aith the 
recent creation of a Federal Tuberculosis Control Di'vision authorized by Con- 
gress to spend at least 810,000,000 annually for the prevention and control of 
tuberculosis ( 2 ). 

There have been many instances, particularly since the outbreak of the war, 
when private and public agencies have united in local communities to accomplish 
the mass chest X-ra 3 dng of industrial workers. Cleveland, Philadelphia and 
Portland are only a few of the places where it has been done (3). 

• The well known Detroit Plan, under the leadership of Doctors Vaughan and 
Douglas of the Detroit City Department of Health, is also a notably successful 
effort in the dual task of case-finding and of establishing harmomous medical 
relationship (4, 5). 

TUBEKCULOSIS CASE-FINDING IN DELAWARE COUNTT 

This presentation concerns itself with the development of a cooperative 
community case-finding program in Delaware County, Pennsydvania, where the 
practicing medical profession has assumed active leadership. 

The program embodies features which are established practices in many parts 
of the country and nothing distinctly new is claimed. The approach, however, 

» Approved for publication by the Delaware County Medical Society, the Delaware 
County Tuberculosis and Health Association, and the Departments of Health. 

* Philadelphia, Pennsylvania. 

* Chester, Pennsylvania. 
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is from a somewhat difTcrent angle wth greater emphasis on comprehensive 
community organization and on the more active part of the family physician and 
local specialist in case-finding. The plan is sufficiently novel we believe to 
warrant publication. 

Conditions prior (o 19.'/S: Delaware County in Pennsylvania is typical of many counties 
throughout the United States. It had a pre-war population of 310,750 residents scattered 
over 1S5 square miles of territory, with no dense areas of population comparable to those 
found in large cities. Chester, its only cit}', liad a 1940 population of 59,285. There are 
25 boroughs in the countj% 10 first-class ond 11 second-class townships. The density of 
population varies from 0,493 to the square mile in upjier Darby Towmship, the most 
densely populated first-class township, to 422 in Aston Tomiship, a strictly rural com- 
munit}'. 

The tuberculosis control program was not well coordinated. There was a State ap- 
pointed District Medical Health Officer for the county, the local voluntary Tuberculosis 
Association, the Tuberculosis Committee of the County Medical Society, three State 
Tuberculosis Clinics and the local health and welfare agencies. Tuberculosis case- 
finding was carried on in the count}’’ from time to time by the voluntary Tuberculosis 
Association through a tuberculin testing program, and occasional X-ray surveys were done 
by the State, but only on a very small scale. 

Prior to 1943 approximately 5,500 county residents (mostly high school students) were 
sutveyed by all agencies concerned. This represented only 1.7 per cent of the population. 

The practicing medical profession was not an active participant in these surveys. After 
negotiations between the ph}'sicians and the voluntary Association, X-ray films were 
made on tuberculin reactors by roentgenologists, on a small fee basis. The County 
Medical Society was opposed in principle to many of the practices followed. The local 
health departments, for the most part, were inactive. Such was the state of affairs in 
Delaware County prior to 1943. 

Organization of the Delaware County Chest Survey Committee: Wartime changes 
in the county, especially in increased and sliifting population, dictated the grow- 
ing need for a more comprehensive and coordinated case-finding program; one 
which would be available to the entire population at periodic intervals, and which 
would rally around it all elements in the county. The solution was the formation 
of a Chest Survey Committee for Delaware Coimty, which would represent all 
groups in the county interested in tuberculosis, and which would be the means 
through which plans for mass X-ray surveys in the county could be cleared, 
crystallized and clarified harmoniously and without duplication of effort. 

The very first problem was to establish a working agreement between the local 
voluntary Association and the Delaware County Medical Society. Exploratory 
meetings between representatives of these two groups were begun in June, 1942. 
After twelve months of continued effort a final agreement approved by the Board 
of Directors of the County Medical Society and of the Delaware County Tuber- 
culosis and Health Association was reached in Jime, 1943. Case-finding under 
the joint sponsorship of the two groups began soon thereafter. In the ensuing 
six months 3,989 county residents were sm-veyed. The cost of the surveys was 
defrayed by the voluntary Association. Of these surveys, 2,844 were made in 
schools and 1,145 in industry. 
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The experiment in cooperation was so successful that the voluntaiy Association 
included in its budget sufficient funds to survey 12,000 persons during the follow- 
ing fiscal year (April 1, 1944 to March 31, 1945), 11,487 of whom have already 
been surveyed at the time of this report. Discussions were begun with repre- 
sentatives of health departments, with labor, industry and the general public, ' 
in the endeavor to broaden the base of the County Chest Survey Committee and 
to create a strongly organized and smoothly coordinated community case-finding 
program for the entire county. 

DELAWARE COUNTY CHEST SURVEY COMMITTEE 



Chart of Reultionships and Committees for Chest X-Rat Sobvets 

Chart 1. Every phase of the program has been worked out with a view of maintaining 
physician-patient relationship, of protecting the privacy of the individual e.vamined, and of 
mobilizing and activating the latent determination of the public to eradicate tuberculosis 
from its ranks. It operates on the principle of local determination of need and local control 
of administration, but full cooperation with federal, state and local government projects. 

As organized at the present (chart 1), the Chest Survey Committee of Dela- 
ware Coimty consists of 12 members made up as follows: 2 representatives each 
from the County Medical Society, the voluntary Tuberculosis Association, the 
Departments of Health; and one each from the general public, labor, industry, 
schools, health and w'elfaxe agencies and hospitals and sanatoria. In some 
instances membership is interlocking, the same individual being a member of 
two or more groups, thus creating increased harmony. To further cement 
harmony the executive secretary of the Delaware County Tuberculosis and 
Health Association is also secretary of the Chest Survey Committee. 

Futine plans call for standing committees on Labor Relations, Industrial 
Relations, Health imd Welfare Agencies Relations, School Relations, Sanatoria 
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and Hospital Relations, and finally General Public Relations. Each committee 
is to be composed of representatives from their respective groups. The 
of each standing committee, in turn, is also to be a member of the Chest Survey 
Committee as the representative of the group. 

These standing committees are planned to be made virtually independent 
bodies whose primary function will be to study the problems arising from tuber- 
culosis case-finding as such problems may affect the respective elements of the 
population. 

Not only are these standing committees expected to make recommendations 
to safeguard the interests of the different groups in the community, but also to 
take an active part in policy maldng, in supervising case-finding and in furthering 
the movement throughout the county. In essence, therefore, the standing 
committees are to be the counterparts of the Delaware County Medical Society 
and the Delaware County Tuberculosis and Health Association. In this way a 
democratic base mil be founded for community interest in tuberculosis case-find- 
ing under local guidance and responsibility, and in a position to cooperate with 
federal, state, and local government projects. 

PRINCIPLES OF COOPERATION 

With the basic idea of a Chest Survey Committee a reality, the next step was 
to formulate a code of principles and ethics. The following gives the funda- 
mentals of the program as it now operates: 

(1) Chest Survey Committee: Its main functions are to establish harmony of 
purpose, develop community cooperation, avoid duplication of effort and direct 
tuberculosis case-finding along progressive and scientific lines. 

All major decisions of the committee, however, are subject to the approval of 
the County Medical Society, the County Tuberculosis Association and the De- 
partments of Public Health, the three parties most vitally interested in tuber- 
culosis case-finding in the coimty. On the other hand, in return for this veto 
power, the Health Departments, the County Medical Society and the voluntary 
Tuberculosis Association clear all their plans for tuberculosis case-finding in 
the county and, whenever possible, execute them through the Chest Survey 
Committee. 

Decisions pertaining to labor and industry or other groups are approved by 
their respective committee on labor or industry or schools, as the case may be. 
The only power the Chest Survey Committee can haye, consequently, is that 
delegated to it by the agencies that it represents. Thus are met the needs and 
interests of all groups. 

{2) Limitations of mass chest radiography: The object of mass radiography is to 
pick out in a group of ostensibly healthy persons those persons with abnormal 
X-ray findings, who are in need of a full clinical examination (6, 7). A complete 
diagnosis and the decision concerning the necessity for hosp|italization and treat- 
ment can be based only on the evaluation of many factors, such as history, 
clinical observation and sputum and sedimentation rate findings, as well as de- 
tailed X-ray studies. The report to the physician on the survey film must 
necessarily be brief, in keeping mth this concept, and serve primarily as a lead. 
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(S) Parlicipation of family physician: It is essential that the private physician 
under proper guidance, becomes the backbone of the case-finding movement, the 
central figure about whom the whole program revolves. His private office must 
be recognized as the logical subcentre of activity in the diagnosis, prevention and 
control of tuberculosis, as it relates to the individual patient and his family (8, 
9, 10, 11, 12, 13). 

The private physician commands the confidence of the public, and knov^ the 
health needs of liis patients in that peculiarly intimate manner possible only to a 
physician. It is he who can best bring preventive measures most effectively to 
bear where they are most needed. It is he who can decentralize public health and 
humanize and individualize tuberculosis control. He is the logical person 
through whom can be executed the organized effort of the community in finding 
unsuspected tuberculosis. Mass X-ray case-finding, then, should be so con- 
ducted as to enhance his prestige and professional standing, and enable liim to 
emerge as a strong champion of preventive medicine and as a wise counselor in 
matters pertaining to tuberculosis. This can be accomplished only with the 
fullest cooperation and understanding on the part of the official health depart- 
ments and voluntary agencies. 

With these thoughts in mind, and in order to strengthen physician-patient 
relationship, the name of the family physician, so designated by the person 
X-rayed at the time of the survey, is to become a part of the survey record, and 
X-ray reports of the findings are sent only to the specified family physician. 
Where there is no family physician the person X-rayed is asked to name a phy- 
sician in his immediate neighborhood. Following the survey the patient with 
suspected disease is notified to seek medical advice and further study from his 
own family physician, to whom a report of the findings has been sent. 

Follow-up is done in such a manner as to bring the person suspected of having 
tuberculosis in contact with his designated famil}’’ doctor (chart 3). Once con- 
tact is established between family physician and patient, the physician is en- 
couraged by the Chest Survey Committee to complete the diagnosis, evaluate 
the findings, suggest treatment and arrange for consultations with consultants of 
his own choosing; and when necessary, to give the patient a note of admission to 
a public chest clinic. (In case of clinically significant tuberculosis he should, of 
course, report the case to the local health department in compliance vdth the law.) 
Furthermore, the family physician is encouraged to make contact studies of other 
members of the household and to act as a clearing-house on all tuberculosis prob- 
lems that relate to his patient and the family (chart 3). 

The chaimeling of all activities relating to the patient and the family through 
the family physician is bound to be of tremendous educational value in keeping 
the general practitioner tuberculosis-minded and abreast of the latest techniques 
in the diagnosis and treatment of this disease. He in turn will help influence his 
patients to be intelligently informed about tuberculosis. Thus the cycle will be 
complete. The principle, therefore, of putting upon the private physician much 
of the responsibility of diagnosing tuberculosis in those of his patients in whom 
the disease is suspected is a logical step and is fundamental to the eradication of 
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this discnse. It is also the surest way of overcoming the various questions of 
economics, medical ethics, rclationsliip between the practicing medical profes- 
sion, the voluntary Tuberculosis Association, official departments of health and 
other groups. 

(4) Parltdpcilion of local rocnlgcnologist and quality of X-ray reports: A Iiigh 
standard of quality of X-raj’ rc])orts to the familj' phj'sician is a prime essential 
of good mass X-nxy screening. Anything that would wcalcen public confidence 
in mass radiography would impair its usefulness. So also would anything that 
would lead the public to o.\pcct too much from tlus method. A correct interpre- 
tation of the survey’ film is accordingly paramount and the interpretation, of 
necessity, requires great radiographic skill. Only’ qualified roentgenologists, 
pthisiologists or experienced public health doctors possess this skill. All such phy- 
sicians in the county comi^risc a Committee of Interpreting Physicians to inter- 
pret survey films, this being under the auspices of the Chest Survey Committee 
(chart l). 

The use of local talent to the greatest extent possible to interpret surve}’ films 
encourages every qualified physician in the county’ to become an active partici- 
pant in case-finding. This tends to widen responsibility and initiative, and af- 
fords those physicians invaluable experience in the early diagnosis of tuberculosis 
by’ X-ray’, with resultant higher standards of local roentgenography. 

This committee of experts studies the various technical phases resulting from 
X-ray’ survey’s. It also agrees on ty’pes of reports sent to the family physician, 
decides on the qualifications of members to the Committee of Interpreting 
Physicians, determines questions of compensation for interpretation of films, and 
helps formulate conditions under which X-ray survey’s are to be conducted. Too, 
the Committee meets in scientific sessions to exchange experiences and discuss 
problems arising from the interpretation of films, with the objective of constantly 
improving the quality and usefulness of the X-ray survey reports to the family 
physician. 

The following types of reports and their diagnostic significance have been ap- 
. proved by the Committee of Interpreting Physicians, to be sent to the family 
physician: 

(a) Negative or normal: One normal report should not be looked upon as final if there 
is the slightest clinical evidence to the contrary. If the family physician has reason 
to believe the report should be otherwise, he should not hesitate to conduct a more 
detailed investigation. 

(b) Healed primary tuberculosis: The importance of this diagnosis from the public 
health standpoint is the warning to look for possible tuberculosis in other members 
of the household as the source of infection. It is among the contacts in this group 
that unsuspected tuberculosis is most likely to be found. All contacts should be 
X-rayed. 

(c) Questionable disease, further supervision and study indicated: This diagnosis is 
based on abnormal findings in the X-ray film which cannot be clearly classified 
as pathological. Time alone can determine the clinical significance of the X-ray 
findings. If tubercle bacilli are present in the patient’s sputmn or gastric juice, 
modem treatment should be instituted promptly. 
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(<1) finilings, vnmmd dwaxe, prohabhj luhcrculoxu: This patient is in need 

of n tliorouRli clinical examination including njjutum studies and detailed X-ray 
fdnip. Tiic disease may he «-cll etabilired and require only periodic obscr\'ation. 
Time alone cam determine the clinical siKnificiince of the X-ray findings. If tubercle 
bacilli are present, modern treatment should be instituted promptly. 

(c) Significnnlf.ndings, advanced dixcacc, probab’ij Itibcrado.ns: Thi.s patient is obviously 
in need of a thorough clinic.al investigation, including X-ray films, sputum c.xamina- 
tion, Ecdimentation mto and other studies. If .signs of active disc.'Jso or positive 
sputum are present, modem treatment should bo begun promptly to save time and 
life, and to safeguard the contacts from continued infection. 

(0 Significant Jlndingx other than (tibcradorix, sripcrnsion and ditdy indicated: This 
diagnosLs is b.a.scd on significant findings in the X-niy film other than tuberculosis, 
l^irlhcr clinic.al investigation Ls indic;itcd, including detailed X-ray studies. 


IlEPORT OX SUIIVEV FILM 



Physician receives one of six standardized 
reports for each patient survcj'cd, appro- 
priate to the condition found (normal, 
disease suspected — supervision indicated, 
healed primary tuberculosis, minimal tuber- 
culosis, advanced tuberculosis, disease other 
than tuberculosis). 


Patient receives one of six standardized 
reports appropriate to the condition found, 
corresponding to the report mailed to the 
physician. 

The original report from the Committee 
of Interpreting Physicians is kept in research 
files for future study. 


CuAiiT 2. An appeal from the County Medical Society to support the case-finding survey 
by promptly completing the diagnosis is included with reports to the family physician in all 


eases with questionable and significant findings. 


These reports are to bo mailed to the family physician in card form suitable for 
filing wdth his other records of the ease. An appeal from the County Medical 
Society to support the ease-finding survey by promptly completing the dia^osis 
is sent with reports of all questionable and significant findings. The original 
report by the interpreting ph 3 'sician, including a chest diagram of the findings, 
is retained for research (chart 2). 

Reports to persons examined are of such nature as to create a desire to complete 
the diagnosis tlrrough private chaimels ^vithout producing fear or anxiety. 

To safeguard against poor interpretation resulting from technically defective 
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films, or for any other reason, the physician reading survey fihns may order re- 
examination with conventional 14" x 17" celluloid films and delay his report until 
he has had an opportunity to study the new films. These latter films are con- 
veniently referred to as “station films.” Requests for station films are honored 
promptlj’- at designated stations (hospitals and physicians’ offices) throughout 
the count}’-, at no cost to the person surve3’ed. The cost of the station film is met 
by the Delaware County Tuberculosis and Health Association. (The Associa- 
tion pays S3 .00 for each station film.) Station films should be resorted to liber- 
ally in all doubtful cases. 

The chairman of the Committee of Interpreting Physicians assigns the films 
for interpretation in rotation to the different doctors of the Committee, so that 
the number of cases per interpreter equalize themselves during the year. 

A statement of reading is sent to each interpreting physician semi-annually, 
and reimbursement made at the Same time. (The Tuberculosis Association 
covers the cost at the rate of 25 cents per reading. Should the volume of work 
warrant it, it is planned to have a paid part- or full-time qualified physician 
do most of the readings.) At the beginning of each fiscal year the Commit- 
tee of Interpreting Phj’sicians votes to read a liberal number of survey films 
without compensation, as a public service, to further the educational program of 
the Delaware County Tuberculosis and Health Association. During the past 
fiscal j’ear 1,500 films were interpreted mthout compensation. At the end of 
each year each member of the Committee receives a report of the number of 
cases interpreted by the various members, together -with a summaiy of the 
findings. 

(5) Follow-up of diagnosed cases: The success of any chest survey program 
must be measured in terms of follow-up, of the number of newly discovered cases 
placed under observation and treatment. All the resources of the community, 
therefore, are coordinated in the one common effort of bringing the patient sus- 
pected of having tuberculosis in contact -^vith his family physician, or, if need be, 
with a public chest clinic. When voluntary effort fails, public health authority 
must be employed (chart 3). 

(6) Education based on county survey findings: The high spot of the survey pro- 
gram is the annual tuberculosis conference consisting of two sessions, one of which 
is conducted by the County Medical Society, the other being a general public 
meeting. The first scheduled annual tuberculosis conference under the auspices 
of the Delaware County Chest Survey Committee is to take place in October, 
1945." 

In the scientific session the results of the chest surveys conducted in the county 
during the preceding year are discussed in considerable detail, -with emphasis on 
follow-up, diagnostic problems and results of treatment ^n diagnosed cases. As 
far as possible the conference is concerned with local problems based on data 
gathered in local survej’s. The scientific phase of the program climaxes the 
effort to educate the general practitioner in matters pertaining to tuberculosis 
and to equip him with the latest information for combating this disease. 

"This meeting -was held in Chester, Pennss’Ivania on October 11, 1945 and was known 
as the First Annual Delaware County Public Health Conference. 
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A stnf Isticftl iind narrative report omphtislzinK the scope of tiic local tuberculo- 
sis problem, the work accompiislied to date anti the plans for the coming year is 
the feature of the public meeting. This procedure tiHSincs the evolution of the 
chest survey program along scientific and progressive lines. It i.s also instrumen- 
tal in encouraging public financial support, sufficient to make available to every' 
resident in the county, at periodic intervals, an X-ray examination of his chest. 

Such conferences result in higher standards of medical practice and in a belter 
api)rcciation of the local tuhcrculo.sis problem. 

FOLLOW UP OF SURVEY PATIENT AND FAMILY 



Chart 3. Follow-up is done in such manner as to bring the person suspected of having 
tuberculosis in contact with his own family physician and to strengthen physician-patient 
relationship. For survey purposes the family physician is the representative of the local 
health department and his private office a subcentro of activity in the diagnosis, prevention 
and control of tuberculosis. 

(7) The vdlunlary Associaiion and community luherculosts ease-finding: The 
voluntary Association has alwaj's occupied a vanguard position in the antituber- 
culosis movement, energizing it and pving it direction. For years it has been a 
moving spirit in promoting mass X-ray studies all through the country. As an 
independent organization, supported by voluntary subscriptions, it can pioneer 
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new developments in tuberculosis control, support and conduct special studies, 
and generally carry on tuberculosis activities which official agencies (for various 
reasons) cannot do. It occupies an enviable position in any community tuber- 
culosis case-finding program. 

It is the logical agency to conduct an enlightened educational program in the 
count}' and to make chest surveys a vital and integral part of community health. 
As a part of a national organization, its facilities and trained personnel for such 
purposes are unexcelled. It is also admii-ably organized to carry out many tech- 
nical phases of the survey program, and can well serve as headquarters to which 
requests for chest survej’s among industrial workers and other groups in the 
county can be directed. Once a survey has been arranged for, the Association 
can take care of all details and act as an intermediarj' between the doctor and the 
public. It can forward reports to the family physician and patient and help 
generally uith follow-up. With its independent program coordinated udth those 
of the other groups (including those of the oflScial agencies), the voluntary Tuber- 
culosis Association can well serve as the spearhead of a locally organized case- 
finding program for the count 3 ^ 

(5) Official health agencies and community tuberculosis case-finding: Health 
departments, local, state and national, commonly referred to as oflicial agencies, 
have a vital interest in tuberculosis case-finding. Routine chest X-ray examina- 
tion is a Iiighly desirable procedmre because it can keep tuberculosis in the popu- 
lation at a minimum and relieve government of much expensive treatment in the 
future. However, government can best acliieve its objective of eradicating 
tuberculosis tluough the close cooperation of its health officials, udth the volun- 
tary Tuberculosis Association, the local Medical Society and the family physician. 

The official health agencies, at all levels, should actively support voluntary 
local efforts in tuberculosis case-finding, and join local groups in perfecting all 
inclusive tuberculosis control programs. Utilization of local talents and 
resources, and encouragement of maximum local initiative and responsibility 
should be the guiding principles. In keeping rvith this concept, health depart- 
ments and local health officers should coordinate their efforts with those of other 
groups in the county, through the Chest Survey Committee. Health de- 
partments should not onl}'’ participate in the deliberations of this Committee, and 
help in the formulation of plans, but should also take an active part in 
case-finding, in follow-up and in establishing and maintaining physician-patient 
relationship. 

All the resources of government, technical, professional and financial, should 
be at the disposal of the Chest Survey Committee and utilized in complete har- 
mony with efforts of local groups. 

(5) Industry and community tuberculosis case-finding: Aside from the contribu- 
tion industry can make to community health in supporting mass chest radiog- 
raphy, it also has an enlightened selfish interest. With tuberculosis eliminated, 
the efficiency of the workers rriU be greater, labor turnover will be less and lost 
time will be decreased. These factors reflect themselves in lowered costs of pro- 
duction. 
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Induslrj* in coupcration with labor and other groups sliould make cverj' cfTort 
to establish cfTcctive tnhcrcidosis case-finding as an integral part of the general 
industrial program (M). By coordinating its activities with (hose of other 
agencies in the community, through the Chest Survey Committee, its problem 
can be greatly simplified and placed on a routine ba^-is, and the cITectivencss of the 
surveys enhanced. All that management has to do to conduct a .survey of its 
employees is to make a formal request to the voluntary' Tubcrculo.sis Association 
for the survey; then, the machinciy organired by the community for tliis purpose 
begins to function at once. 

The Standing Committee on Industrial Relations, compo.'^cd entirely of 
bu-sincss and industrial roprc.«cntatives, studies the peculiar problems of mass 
chest radiograph}' as they may affect husine.ss and industry', and makes recom- 
mendations accordingly to the Chest Sun'cj' Committee. 

{10) Jjnhor and community iuhcrculosts ease-finding: Unions, through their 
health committec.s, must become actively interested in ease-finding among their 
members and families. The Standing Committee on L.abor Relations is com- 
posed solely of labor representatives and studies ca.se-finding from the cxclusi%'c 
standpoint of the worker, and makes such recommendations to the Chest Survey 
Committee as promote the best interests of labor and protect the worker in Iris 
legitimate rights. It makes sure that information gathered in chest suia’cy 
studies is treated as privileged information, divulged only to the family pfij-sician, 
and that the worker suspected of haA'ing disease is properly safeguarded in his 
job. When disciplinar}’ measures become imperative in dealing with uncoopera- 
tive individuals, the safeguarding plan is carried out by the local health depart- 
ment, after due consultation with the Union. ' 

{11) The general public and cormnunity tuberculosis ease-finding: To be fully 
successful, mass ease-finding must assume the character of a conscious community 
effort in which ever}' county resident, every' organized group, h.os an active part. 
Individuals not reached in industry' or schools are organized in groups for survey 
purposes in and around local hospitals, schools, churches, community centres, 
union halls or other places. 

Special efforts are made to reach groups with known high tuberculosis rates, 
such as the Negro and the underprivileged. Chest surveys are conducted on the 
spot, in surroundings familiar to the persons surveyed. 

{12) Welfare and health agcneics and community tuberculosis ease-finding: Wel- 
fare and health agencies in the community sooner or later come into intimate con- 
tact wth a considerable number of the residents in the county who are afflicted 
with tuberculosis. Their practical experience and potential help are made avail- 
able to the Chest Survey Committee at the veiy' outset of case-finding. Repre- 
sentatives of health and welfare agencies active in the county constitute a Stand- 
ing Committee. 

{IS) Financing of community chest X-ray surveys: The financing of a contin- 
uous survey of more than 300,000 people is a difficult and complex undertaking. 
No one method will suffice. Funds can be secured from many sources, such as 
Christmas Seal sales, county, state and federal contributions, private gifts and by 
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direct payment from the person or group surveyed. The so-called “dollar chest 
X-ray,” first made popular at the New York World’s Fair in 1939, is a happy solu- 
tion in this regard. It encourages payment by the person or group directly bene- 
fited, and holds the most promise of providing a continuous stream of funds for 
chest X-ray surveys in the county. It is the method of choice for all employed 
groups, schools, colleges, churches and lodges and, in fact, for any self-supporting 
group large enough to make the survey economically feasible. 

As conceived in our plan, a charge of one dollar may be made by the Chest 
Survey Committee for each person surve 3 md. The sum of $1.00 has been found 
sufficient to pay all X-ray charges, including the cost of interpretation by com- 
petent physicians, provided the survey utilizes the facilities of the voluntary 
Association winch can absorb much of the overhead. The dollar may be paid by 
the employer, employee or Union, or by any combination mutually agreed upon, 
in the case of industrial workers. In the case of other groups the dollar may be 
paid by the civic, school, church or fraternal organization, in which instances the 
individual may or may not contribute directly, in whole or in part. Under cer- 
tain conditions, to further the idea, the voluntary Association may pay part or 
even all of the dollar. 

It is certainly conceivable that the more the “dollar chest X-ray” idea becomes 
rooted in the consciousness of the public, the more chest surveys can be conducted 
in the county, and the more certain will mass X-ray case-finding become a fixed 
pattern in community health. 

Public funds, restricted as they are by legislative controls, are better reserved 
for the unemployed, the migrant worker and the underprivileged. Christmas 
Seal funds, as heretofore, would be available for special studies in the education 
of the public and for the purchase and maintenance of equipment needed in mass 
radiography. 

COMMENT 

Has the community plan for mass chest radiography worked in actual practice? 
Has it produced the hoped for cooperation and coordination? The foUonfing 
typical examples are the answer, 

{1) Chest survey in schools: The voluntary Association has been eager to edu- 
cate the new generation of citizens to the appreciation of the value of chest X-ray 
examination in the prevention of tuberculosis. It is also eager to demonstrate 
the value of the method to local School Boards and health departments, to the 
end that chest X-ray surveys shall become a permanent feature of the school 
health program, with the cost ultimately paid for by the School Board or local 
health department. To accomplish tliis objective the voluntary Association has 
offered to X-ray free of charge, through the Chest Survey Committee, the pupils 
of eveiy high school in the county. At the time of this writing all high schools in 
Delaware County have taken advantage of this plan. An understanding, never- 
theless, has been reached that future survey's are to be paid for, at least in part, 
and ultimately entirely, by the School Boards. The voluntary Association, 
therefore, has aimed to keep movdng to new and imbroken ground and thus fulfill 
its r61e of pioneer and spearhead. 
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It is planned in the future to invite the general public in the immediate neigh- 
borhood of the school to have free chest X-ray films taken at the school, on the 
das’^ the school survey is conducted. 

(2) Chest stirvcy of food handlers: One of the most important features of a co- 
ordinated, organized community chest screening program is the teamwork and 
cooperation possible between the voluntary Association, the medical profession 
and the official agencies. 

Not infrequently the official agency lacks funds for chest screening. Through 
tactful approach the voluntary Association and the medical profession can supply 
funds or personnel for the survey of certain groups of the population, and thus 
complete a phase of chest screening w'hich is not only important to the local health 
department, but also fits in admirably mth the rounded program of the Chest 
Siu'vey Committee and the voluntary Association. For example, the Health 
Department of Chester, Pennsylvania ruled that restaurant proprietors must 
have all food handlers X-rayed, in order that the restauratems might obtain 1945 
licenses. 

Free chest X-ray examinations under the auspices of the voluntary Association, 
Health Department and County Medical Society were made available to all food 
handlers on three successive days in the Chester Armory. Twenty-tlnee 
hundred and sixty-five free chest X-ray examinations were made. The X-ray 
films were read and interpreted by the Committee of Interpreting Physicians from 
the local Medical Society and the results were forwarded to each person’s family 
doctor. The entire cost of the project was borne by the voluntary Association. 

The local press featured this X-ray survey and gave it wide coverage, com- 
mented on it with favorable editorials, and stressed the fact that it was a co- 
operative effort on the part of the entire community. The public was fully 
aroused as to the significance and meaning of the undertaking, and the educa- 
tional value was tremendous. As a result of this particular survey 20 persons 
were found to have clinically significant tuberculosis. 

It is an excellent example of cooperation between the public health authorities, 
the voluntary Association and the medical profession. 

(S) Chest survey in industrial plants: The management of a large industrial 
concern in Delaw^are County became interested in a chest survey of its employees 
and contacted the secretary of the Delaware County Tuberculosis and Health 
Association (who is also secretary of the Chest Survey Committee of the County ). 
Arrangements were made and the survey completed within a short time. 
Reports were then'Sent to each person examined and to his or her family physi- 
cian. Regarding those showing disease, a brief letter was sent to the individual 
explaining the facts and advising him to consult his family physician. Twenty- 
one persons were found to have clinically significant tuberculosis and were placed 
under the care of their own physician. 

The films were interpreted by the members of the Committee of Interpreting 
Physicians, each one of whom was a practicing radiologist or tuberculosis 
specialist in Delaware County. The results were forwarded to the secretary of 
the Chest Survey Committee for the purpose of distribution. When the problem 
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seemed urgent, information was cohve3fed to the secretary bj’' telephone and 
written reports followed. A summarj’' of the findings, as well as some of the more 
important films, were also filed with the secretary of the Chest Survey Committee 
for future use in scientific and la}’' programs. 

The technical and financial details of the transaction were handled by the 
secretarj' of the Delaware Count}’’ Tuberculosis and Health Association in his 
capacity of sccretar}' to the Chest Survey Committee. Everything worked 
smoothly because each step in the survey was well planned in advance. 

The cost of the survey was solved in the follomng manner: Management paid 
one dollar for each of its 971 employees who were considered permanent. The 
Delaware Count}’’ Tuberculosis and Health Association, as a public service, paid 
for all employees whom management considered temporary, 300 of them, em- 
ployees who had been uith the company six months or less. In this instance the 
Employees Beneficial Society, representing labor, assisted and cooperated to the 
fullest extent. So also did the medical department of the plant. 

The educational value of the sur\’ey was of considerable importance. Reports 
relating to their onm patients were sent directly to 185 different practicing phy- 
sicians who were in this way made tuberculosis-conscious; and the lesson of the 
existence and importance of significant tuberculosis in ostensibly healthy persons 
was impressed upon them. Personal contacts and telephone calls were outstand- 
ing factors in bringing patient and family physician together. The family phy- 
sician held the centre of activity tliroughout the survey and his office was the 
first destination of the person with suspected disease. For survey purposes he 
was the representative of the local health department. The physicians re- 
sponded accordingly and cooperated whole-heartedly. 

Newspaper publicity was also used slulfully, and the entire community was 
made a’n-are of the existence of a tremendous public health movement in their 
midst, namely the eradication of tuberculosis. Furthermore, the privacy and 
rights of the persons examined were scrupulously guarded all through the survey. 
Only the patient and family physician knew officially the result of the examina- 
tion. The plant physician received only a statistical report informing him in 
general terms of the survey results. No names were forwarded. Everyone co- 
operated and everyone profited. 

These three examples in widely different fields well illustrate the fundamental 
approach to chest X-ray surveys in the county, and how flexible the program is 
intended to be. Applied intelligently and selectively, as more funds become 
available through governmental agencies and other sources, chest surveys can be 
conducted on an ever increasing scale with every promise of making the pro- 
cedure an established part of community health. 

SUMMARY 

A practical plan of procedure for tuberculosis case-finding by mass radiography 
has been evolved in Delaware County, Pennsylvania under the guidance and 
leadership of the Delaware County Meffical Society. 

The program is organized as a cooperative community undertaking of all local 
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groups interested in tuberculosis case-finding. It is an example of coordinated 
solutions of such complex problems as medical economics and ethics, and relation- 
ships between the practicing medical profession, the Departments of Health, the 
voluntary Tuberculosis Association, the health and welfare agencies and other 
groups in the county concerned with the eradication of tuberculosis. 

The work of the various groups is coordinated through a County Chest Survey 
Committee on which all have representation. Tliis Committee discusses prin- 
ciples of cooperation, studies reports and is charged with the responsibility 
(through the cooperating agencies) of developing and supervising an over-all 
tuberculosis case-finding program for the whole county. AH major decisions, 
however, are subject to approval by tbe County Medical Society, the voluntary 
Tuberculosis Association and the Departments of Health, to establish harmony 
of purpose and avoid duplication of effort. 

Every phase of the program has been worked out with a view to maintaining 
physician-patient relationsliip, to protecting the privacy of the individual ex- 
amined and to mobilizing and activating the latent determination of the public 
to eradicate tuberculosis from its ranks. It is also intended as a demonstration 
that private medicine is capable of providing Jeadersliip and of successfully giving 
effect to large scale public health undertakings. When properly organized, case- 
finding can become a community movement under locfd guidance and responsi- 
bility, with government cooperation and help. 

This plan has been in operation since the faU of 1943, and mass chest radiog- 
raphy in Delaware County has grown rapidly since, limited only by the available 
facilities and financial resources. 

This approach to mass chest radiography, modified to meet varying local con- 
ditions, appears adequate for immediate application to other coimties in the 
country. 


SHMABIO 

En el Condado Delaware, de Pennsylvania, ban elaborado un plan prdctico 
para el descubrimiento de casos de tuberculosis mediante la radiografia en gran 
escala bajo la direccidn de la Sociedad Mddica del Condado. 

El plan constituye un esfuerzo colectivo en que cooperan todos los grupos 
interesados en el problema en la localidad, aportando un buen ejempio de las 
Boluciones coordinadas que pueden ofrecerse a problemas tan complejos corao 
son la economia mddica y la moral profesional, y las relaciones que deben e.xistir 
entre la profesidn mddica, los Departamentos de Sanidad, la Asociacidn Anti- 
tuberculosa, los organismos de salud y beneficencia y otros grupos interesados 
en la erradicacidn de la tuberculosis. 

La labor de los varies grupos es coordinada por una Comisidn de Encuesta 
Toracica en que estSn todos xepvcsentados. Dicha Comisidn discute los prin- 
cipios de cooperacidn, estudia los informes a medida que se van recibiendo y tiene 
la obligacidn (por conducto de los organismos cooperativos) de elaborar y vigilar 
un plan general de descubrimiento de casos de tuberculosis para todo el Condado, 
Sin embargo, todos los acuerdos principales tienen que contar con la aprobacidn 
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de la Sdciedad Mddica, la Asociacidn Antituberculosa y el Departamento de 
Sanidad a fin de armonizar los propdsitos y evitar duplicacidn de esfuerzos. 

Todas las fases del programa ban side estudiadas con mira a mantener la 
relacidn entre mddico y enfermo, de proteger el secreto del individuo examinado 
y de movilizar y activar la determinacidn del pdblico de erradicar la tuberculosis 
en sus filas. Tambidn se propone servir de demostracidn de que la medicina 
privada es capaz de dirigir y llevar a cabo con dxito empresas sanitarias en gran 
escala, asi como de que, debidamente organizado, el descubrimiento de cases 
puede convertirse en un movimiento colectivo bajo orientacidn y auspicios 
locales con el concurso y ayuda del Gobierno. 

Este plan estd en funcionamiento desde el otono de 1943 y desde entonces la 
radiografla tordcica en uso en dicho Condado ba tornado cada vez mds auge 
limitdndola linicamente los medios y recursos econdmicos disponibles. 

Este empleo de la radiografla tordcica, modificado para ajustarse a las condi- 
ciones de cada localidad, parece prestarse para apbcacidn inmediata a otros 
distritos del pals. 
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THE ST. LOUIS COUNTY TUBERCULOSIS SURVEY 
ROBERTS DAVIES,! G. A. HEDBERG' and IVLARIO FISCHER: 


On September 9, 1943 \vc began a tuberculosis survey of the v-hole population 
of St. Louis County. This county has an area of approximately G,S50 square 
miles and a population of 207,000. Almost half the population (101,000) lives 
in the city of Duluth. There are five other tov\-ns of over 5,000 population. The 
corrected tuberculosis death rate, calculated for St. Louis County residents for 
1942, was 37.2 per 100,000. This included all known deaths of coimty residents 
reported as occurring outside the limits of the county and excluded nonresident 
deaths from tuberculosis that took place within the county. 


ORGANIZATION 

The policy-maldng bodj’' for the tuberculosis survey*, as well as for all other 
regional antituberculosis efforts in the county, is the St. Louis County Adidsory 
Committee on Tuberculosis, appointed by the Count3’^ Board of Commissioners. 
This Committee includes representatives of tlie jMinnesota Dep.art.ment of 
Health, tlie St. Louis County Health Department, the various town and -sdllage 
health departments, Nopeming Sanatoriiun, the St. Louis County Welfare De- 
partment, the Tuberculosis and Health Association of St. Louis County, the 
St. Louis County Medical Society and the second and tenth district nurse sasso- 
ciations. In addition, the Committee includes sucli other phj’sicians in the county 
as are especially interested in tuberculosis. We believe this Committee has 
been important in the success of the sunmj’^ because it has pro%ided for the ex- 
pression of all shades of opinion and has therebj’’ earned for its final decisions the 
support of all interested groups and individuals in tlie county. 

The survey has been directed b.Y the medical staff of Nopeming Sanatorium 
and made with a photofluorographic unit housed in a bus-tjT^ vehicle. The 
unit takes 4x5 inch films and uses a rotating anode tube. The transformer has 
a capacity of 200 milliamperes and is supplied by a gasoline driven generator 
housed in a trailer. The unit is staffed bj’- a public he-alih nurse and a techmcian- 

chauffeur. ... i 

If a large percentage of any group is to be examined voluntaril}’’, it is essen i, 

Uiat the surve3' be explained by word of mouth to all the memb^ o ® 
and that the3' be given a chance to ask questions. Our presentations emp ^ 
among other things, that tuberculosis is a contagious disease; that ear 3 u 
losis usually produces no alarming s3'mptoms; that X-ray exanuna 10 
chest is the only reliable method of detecting carty tuberc osis, ^ ‘ . . . 

fiuorogram is a screem'ng medium and not comp.axable to ray c^allv 
with f fuU-site fflm; that the«i is nn for tho 

that the private physician is a kev* figure in the program w 
X-ray reports and interpret them to his patients. 

^Nopeming Sanatorium, Nopemiivst, A!5uncsc»ta. 

^Director of Public Health, City of PttUiih.Minncsota. 
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For the organization of an industrial survey it is highly desirable that the ex- 
amination be requested b}'- a group representing the employees such as a labor 
union. Emploj’-ees are*not likely to volunteer for any physical examinations 
arranged by management alone. Whenever a request chances to come first 
from management we ask that some group representing the emplo 3 '-ees likewise 
request the survey before we arrange for it. All explanations of the survey are 
given in detail, both to the management and to all the employees concerned. We 
stress the fact that all reports of findings are confidential and will not be avail- 
able either to management or to a labor union. The details of the survey pro- 
cedure, even to the minutiae, are worked out as carefully as possible beforehand 
to minimize loss of time. It has been possible in some circumstances to average 
only five minutes’ loss of work time per individual examined. Such an accom- 
plishment holds great appeal for management which, to date, has absorbed these 
time losses with full pay in every instance. 

In the organization of complete community surveys, every effort is made to 
have the community assume both the responsibility and the credit for success of 
the survey. The first step is to call an open meeting to which all persons inter- 
ested in tuberculosis control are individually imdted. The rationale of the 
survey and its methods are presented. Those present are asked to select a 
chairman for the campaign. The chairman then appoints subcommittees to 
arrange for publicity, canva.ssing and enlisting of volunteers to serve as clerks, 
dark-room assistants and hostesses. 

The publicity chairman is urged to use all publicity facilities in the community 
such as newspapers, radio and motion picture trailers. Pamphlets, posters, dis- 
plajfs and material for newspaper stories and radio tallcs are furnished him. 
Speakers and motion picture films are proAuded for all civic groups such as 
Rotarj'- and ICiwanis Clubs, Parent-Teacher Associations, lodges, church groups, 
labor unions, commercial clubs, schools and various foreign language organiza- 
tions. The clergy are interviewed and asked to mention the survey in church 
and to support it in private conversations. All the doctors in the community 
are intendewed and their support enlisted. 

In most communities the canvassers have been organized around a group of 
Victory Aides, a part of the Civilian Defense Program. These Avomen are 
schooled, as Avell as Ave can possibly do it, on tuberculosis and its prevention and 
the significance and methods of the survey. They are given ansAvers to the most 
commordy encountered objections to routine X-ray examination. As canvassers, 
they Ausit personally evety house in their district and explain the survey to every- 
one. At the same time they make a complete census record by households for 
use of the public health nurse attached to the mobile unit. 

On the basis of this census, post-cards making appointments for examination 
are mailed each day to some 300 to 400 persons. If an individual fails to keep 
the appointment so made, another card making another appointment is mailed. 
If there is still no response the public health nurse with the unit or a nurse from 
the local health department makes a home call. 

The mobile X-ray tmit is usually located at a public building, such as a school, 
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where there are dressing rooms and a room for clerical assistants. If no public 
building is available, a private liomc may bo utilized. Occasionally the unit 
operates without any adjacent building since small dressing units are available 
in the truck. It is important that the unit be uithin easy reach of all the people 
to be examined. In towns we arrange the placement of the unit so that no one 
need walk farther than two bloclrs for an examination. In the country the 
limit is half a mile. In exceptional circumstances transportation by car is pro- 
vided for clients. It is essential that all circumstances be so arranged as to make 
it distinctly easier for the individual to accept examination than to refuse it. 

All films are developed and interpreted at the Sanatorium. A report on every 
film is sent to the individual’s own physician. If any evidence of tuberculosis is 
found, a letter is also sent to the patient asking him to see bis doctor and enclosing 
a requisition for a single 14x 17 inch chest film to he taken without charge to the 
patient. The doctor taking the film is paid S3.50 for it, and all films are sent 
to the Sanatorium for interpretation. If the individual ignores tliis notice, a 
public health nurse from the Sanatorium calls on the patient to urge liim to see 
his physician and have a film made. She also obtains a history of any symptoms 
and present or past chest disease and, if possible, obtains sputum for laboratory 
examination. Culture as well as microscopic e.xamination of sputum specimens 
is done routinely on all persons showing any evidence of tuberculosis, even if 
the lesion appears roentgenologically to be unimportant. If the 14 x 17 inch 
X-ray film of the chest shows any evidence of activity such as cavitating or 
exudative lesions, if tubercle bacilli are found in the sputum, or if the private 
physician feels there is evidence of activity on clinical grounds, the patient is 
admitted to the Sanatorium for further study. Persons with evidence of rein- 
fection tuberculosis who are not admitted are followed by the Sanatorium out- 
patient department so long as they continue to live in St. Louis County. No 
matter how thoroughly healed a lesion may appear to be, the patient is never 
discharged from observation. 


KESUDTS 

The 4x5 inch photofiuorographic films have been found veiy satisfactory for 
screening purposes. On appro.ximately 1 per cent of the films taken, a repeat 
film has been ordered because the original was technically unsatisfactory. In 
a good many cases such unsatisfactory films are the result of errors such as double 
exposures or unexposed films due to failure to remove the protecting slide of the 
film holder. On appro.ximately 4 per cent of the films taken, repeat 14x17 inch 
fi lms are ordered on the basis of definite or suspected lesions. Roughly, 10 per 
cent of these repeat films are entirely negative for both tuberculous and non- 
tuberculous lesions. On the basis of a review of several hundred cases in which 
previous or subsequent full-size films were available for comparison Avith the 
miniature film, we feel that about 10 per cent of minimal, discrete, apical, fibroid 
infiltrations are missed on the 4 x 5 inch film. To our knowledge we have not 
yet missed an active tuberculous lesion. 

In one year of operation 34,054 persons were examined. Five hundred sev- 
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enty-nine persons (1.7 per cent) showed lesions which we consider significant 
tuberculosis. This includes all apparently tuberculous lesions regardless of 
extent or evidence of activity with the single exception of an apparently thor- 
oughly healed primary infection, such as a calcified primary complex. Of these 
579 cases of tuberculosis, 385 (66.5 per cent) had minimal disease, 155 (26.8 per 
cent) had moderately advanced disease and only 39 (6.7 per cent) had far ad- 
vanced disease. 

The determination of the activity of such a large niunber of tuberculous lesions 
presents considerable difiBculty. We do not have a sufiBcient number of sana- 
torium or hospital beds to permit us to admit all those with apparently tuber- 
culous disease for intensive study. Even if enough beds were available it would 
probably be unwise as well as unduly e.xpensive to study every case as an in- 
patient. Many people who are admitted for a short period of study and then 
discharged as having apparently inactive tuberculosis, feel that their time and 
money have been wasted by uimecessaiy hospitalization. When they return 
home some such patients share their opinion mth their neighbors. In addition, 
we have noticed repeatedly that if a comparatively large number of persons are 
asked to come in to the Sanatorium while a community survey is in progress, 
we then meet with more refusals among the unexamined fraction of the commu- 
nity. With these facts in mind, we have asked for sputum examinations and re- 
peated X-ray examinations on all persons showing any X-ray evidence of pul- 
monary tuberculosis more than a calcified primary complex, but we have advised 
sanatorium admission only if there were suggestive symptoms, X-ray evidence 
of exudative disease or cavitation, or tubercle bacilli in the sputum or gastric 
contents. Such a procedure no doubt leaves a few cases of active but presum- 
ably noninfectious disease in the community, but any of these that are progressive 
will be picked up on subsequent examinations. 

Forty-two of the 579 persons with presumably tuberculous lesions have been 
admitted to the Sanatorium. TSvelve of these were discharged after a short 
period of observation and study because activity could not be demonstrated, 
and 30 had definitely active disease. In 8 additional persons, who have not been 
admitted to the Sanatorium, the finding permit a definite diagnosis of active 
disease. In all, definitely active tuberculosis has been demonstrated in 38 
persons. This is 0.1 per cent of the group examined and 6.6 per cent of those 
having presumably tuberculous lesions, exclusive of healed primary complexes. 
Eight (21 per cent) of the 38 cases with definitely active disease had minimal 
pulmonaiy involvement, and 25 (66 per cent) showed no tubercle bacilli on mi- 
croscopic examination of all sputum raised over a five-day period. In addition 
to the 38 cases with definitely active tuberculosis, there are 24 others with tu- 
berculous lesions which are suspected but not yet proved to be active. None 
of these have yet been admitted to the Sanatorium. 

Of the 8 definitely active cases that have not been admitted to the Sanatorium, 

6 were either not county residents or left the county before admission could be 
arranged. These persons have been reported to the health officer at their present 
residence. One case is under the care of a private physician and has had re- 
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pcnlt'f.l nrtvitivt' r.jnUiiin (-x.-uniiinf icin';. The* ntltr-r it'-n nti i;; n cliilfl v.-iOi nctive 
primary tuluTi-iilod'!, livtntj; in !Ui hmnf v.ilhmil any nthi r cliiltlrcn in 

the hom-fholil and under the ntpcrviclon <if (tae nf our tuliereulo i*! clinic;-'. 

Of the 21 ea.':i-.-! elm sifit'd :i;i j;u';}»it'iou-.ly active, M eitlier are nonre^^idonts or 
left the rounty hefon' .mh'quate examination could he urmnired. T’.vo c.^=c; 
are under tiie rupervision of jirivate phy.dcian« '.vlio core ider (iiedireni-eiriactivc. 
hapht pen onn who are county ro.ddrnte- and not iujown to he under a pIiVKician'.^ 


care have f-o far had irmrlecpiafe follow-up e.x.iminatiore--. Mo'-t of (hcFc were 
di?eoveml relatively recently. 

Abnomj.'d cnrdi.’ic idindow.c, pidmon.ara' anphyyr-nui, atypical pneurnonb and 
fmdinpi f upecKlive of hronchieofaKis .and of enlnr};i"<.l thyroid plands v.-cro fre- 
quent. A verj’ few rju-ey of anci!n'e:n, di.'iphrapnatic hernb, liini' .ab.'-ce^i .and 
piilmonarj' infiltnctions nvcmldint^ s:arcoido-i;; wiwc found, Tlic incidence of 
‘dtu.R invcnnis was approximately one in 10,000. Sixteen pen-'on.'; or nppro.x- 
jmatcly one in 2,000 ahowed chccit tumora, including ttimor.-; of the thoracic cage. 
Three of lhe.ee tumors were very probably bronelmgenie r.irctnomn, nithoiich, to 
our knowledge, in only one ca.ce was the diagnod.s confirmed. In a good many 
of these nontubcrcnlou.s conditions flie diagnosis w.as of great importance to the 
patient and was not su.spcctcd until the miniature film w.as taken. 

Although we h.avc not yet made a comjdole study of the prcv.'dcnco of tuber- 
culosis and other chest di.se.ascs by age, sc-x and occup.ation, wc have limited in- 
formation on the incidence of tuberculosis in throe occupation.al groups. In 
9, Ml examinations of students, faculty .and nonacademic school employees, 
chiefly at the liigh school and college levels, the incidence of significant tubcrcu- 
losi.s was only 0.3 per cent, and only 0.0 1 per cent had active dise.aiie. In a group 
of white-collar workers, 1,7S7 examinations disclosed l.S per cent with significant 
tuberculosis and 0.2 per cent with .active dbcase. From 5,-nS films taken of 
emploj'ecs in he.avy industry, there were 1.7 per cent with significant tuberculo- 
sis, and aclix’c disease occurred in O.Io per cent. 

Scv'cntccn thous.and one hundred and eighty-four of tlic total of 34,054 films 
were taken in suia'cj's of spcci.al groups such ns schools, industries and offices. 
The other 1G,S70 were taken in complete community surveys which covered 
1,000 square milc.s of tlic county. The completeness of community examination 
varied from a low of G.5 per cent of tlic population having miniature films to a 
high of 95 per cent with such examinations. The median coverage in all commu- 
nity surveys ivas 87 per cent examined w’ith miniature films. An additionrU 6.5 
per cent of the population gave a history of having had a satisfactoiy chest X-ray 
examination within a year, and in about two-thirds of these cases we actually 
know that such a film was taken. In the most complete sun'cy, the toiyn of 
Ely with a population of over 6,000, 99.4 per cent of the population were either 
examined by our mobile unit or had a recent 14 x 17 inch film, mostly in an in- 
dustrial survey which ivas done almost concurrently. In all the sun^ej's, res- 
idents of the community who could not possibly be examined, such as bed-ridden 
invalids and persons temporarily away from homo during the time of the survey, 
were tabulated in the unexamined fraction as were also infants who did not have 
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a film taken. In these community surve 3 ’-s 2.4 per cent of the population 
examined showed significant tuberculosis, and 0.1 per cent had active ^sease. 

COST 

The cost of this survey for one year was $19,144.85. Salaries and traveling 
expenses account for $10,589.95 of this amount. Not included in the calculation 
of cost are the original cost of the equipment, the depreciation of the equipment 
and charges for the ser^dces of volunteer helpers. Most of the latter were persons 
who served entirely without compensation. However, some were emploj’’ees of 
health departments and other governmental units who gave a great deal of time 
and effort when the mobile unit was operating in their communities. They were 
not hired for that purpose nor did their employers hire any replacements to cari^’^ 
on their usual work. 

With the exceptions noted, we believe all cost are properly credited including 
operating costs for the unit, cost of X-ray tube replacement, and cost of salaries 
and materials used in developing and interpreting the films and in conducting 
correspondence and keeping records. The cost of follow-up to insure that all 
persons showing evidence of tuberculosis had 14 xl7 inch chest films and any 
other necessary examinations is also included as is the cost of the 14 x 17 inch 
films taken by local physicians at $3.50 each. 

The cost per individual examined was 56 cents. The cost per case of tubercu- 
losis discovered was $33.07. The cost per active and suspiciously active case 
discovered was $308.79 and the cost per definitely active case was $503.81. If 
the cost of follow-up is deducted, these items become, respectively, 43 cents, 
$25.31, $236.34 and $385.61. These costs may be compared to $171.00 reported 
by Plunkett in 1939 as the cost of finding an active case of tuberculosis by exam- 
ination of contacts and persons with sjmiptoms in New York State Health De- 
partment clinics and to $103.09 reported by Morse in 1941 as the cost of finding 
an active or suspicious^ active case of tuberculosis in Wisconsin. Our costs per 
case contain items such as costs of clerical work and of follow-up that ma}”- have 
been omitted in these other calculations, and it is altogether probable that the 
cost of tuberculosis case-finding, like the cost of most cverj'thing else, has in- 
creased considerably since 1939 and 1941. However, it seems evident and rea- 
sonable that the costs of case-finding bj-- e.xamination of apparently healthj' per- 
sons in the general population will be higher than if efforts are directed entirclj* 
to persons with sjmiptoms and to contacts of known c;iscs. Such costs can more 
properly be compared to the much greater costs wliich result from permitting 
cases of active tuberculosis to remain undiagnosed in the community. With the 
use of more efficient equipment, such as 70 mm. photofluorographic units 
equipped with the hlorgan photo-timer and the Faircliild camera, the vohim.c of 
work per dai-- should be considerably increased and the unit cost of photofliioro- 
graphic surveys proportionatelj* dccrc.ased. 

COMMENT 

The aim of antitubcrculosis work should be the eventual eradication of tiie 
disease. The grc.at decline in tuberculosis mort.alitj' observed in the pa's! fifty 
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years has produced an optimism and complacency which are probably unjus- 
tified. The observation of Frost that declining mortality and morbidity mean 
that the disease is unable to reproduce itself is axiomatic, but the assumption 
that control measures arc therefore adequate and will eventually eliminate the 
disease is by no means sound. It would appear more likely that, as cases dimin- 
ish, further improvement will become more difficult and that a level will be 
reached at which control measures now in use will be reasonably elective in pre- 
venting increases in tuberculosis, but will not succeed in appreciable further re- 
duction. It would seem that that stage is near, since the past ten years have 
8ho\’,Ti a deceleration in the rate of decline of mortality in the United States, and 
the past two years have shown increases in mortality in several states. 

The only weapons of proved and generally accepted value against tuberculosis 
arc discovery, isolation and treatment of all active cases. The deficiencies of a 
case-finding program based wholly on the examinations of persons with pul- 
monary symptoms and of contacts of knonm eases have been appreciated for 
some years past. Symptoms alarming enough to prompt an individual to seek 
medical attention usually occur only when tuberculosis is so advanced that there 
has already been ample opportunity for the infection of others before the diag- 
nosis is made. Examination, even of intimate contacts, is commonly incomplete 
because of the difficulties in securing adequate cooperation. The fact that over 
half of the persons admitted to sanatoria give no history of contact with an ante- 
cedent case makes one feel that, even if complete examination of intimate con- 
tacts were possible, it might be rather ineffective, both because obvious tuber- 
culosis may develop many years after the contact is broken and because rather 
casual contacts may be of considerably greater significance than is ordinarily 
appreciated. It seems evident from these considerations that broader and more 
intensive case-finding efforts are needed. 

Arguments against wide-spread use of photofluorographic sunmj's to extend 
case-finding efforts have been advanced on two bases; first, that Mantoux sur- 
veys with X-ray examination of positive reactors are preferable and, second, that 
such surveys are a step toward undesirable socialization of medical practice. 

It is obvious that tuberculin tests add a great deal to the value of a tuberculosis 
survey, and we use them constantly in the study of patients with suspicious 
lesions found on the miniature film. We have not used a Mantoux test routinely 
in our surveys because, on the basis of our experience mth Mantoux surve}^ in 
the past and from similar experiences of others, w'e have felt that it would in- 
crease the cost of the survey, the number of refusals and the time required for 
each examination, thus reducing the number of people that could be examined 
each year. In this connection, we should remember that a Mantoux survey, 
with X-raying of positive reactors only, ^vill not, in fact, identify all persons who 
have been infected with tubercle bacilli. It has been well established that, unless 
reinfection occurs, a certain number of people (estimated variously from 5 per 
cent to 25 per cent) who have been mfected with tubercle bacilli wall eventually 
lose their ability to react to dosages of tuberculin ordinarily used in surveys. In 
addition, a survey with X-ray examination of tuberculin reactors only wall miss 
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many cases of abnormal hearts, chest tmnors, bronchiectasis and other non- 
tuberculous chest diseases that are discovered as an incidental but worth while 
by-product of a photofluorographic tuberculosis survey. While such non- 
tuberculous conditions are not our chief concern, they are frequently of great 
importance to the patient and are of some considerable importance from a public 
health standpoint. 

The argument that such surveys of apparently well people are an undesirable 
step toward socialization of medical practice seems singularly unimpressive to us. 
In the first place, a job well done, no matter by whom, does not make people 
dissatisfied with our present system of medical care. It is when we fail, or appear 
to fail, to solve a problem that the proponents of state medicine pick up an im- 
pressive argument. In the second place, such surveys need not be made by a 
governmental agency. They may just as well be sponsored by a medical society 
as in the Meeker County tuberculosis survey in Minnesota. In the third place, 
a program, organized as the St. Louis County survey is, increases to a considerable 
extent the practice of the private physician. The people examined must all get 
their reports from their own physician and will no doubt consult him about other 
health problems at the same time. Those who are found to have nontuberculous 
chest disease will need advice and treatment which the large majority will get 
from their own doctors. From a financial standpoint, the roentgenologists and 
any other physicians with X-ray equipment profit most, since aU persons with 
definite or suspicious pulmonary lesions require 14 x 17 inch chest films, and all 
those with tuberculous lesions will require such films at regular intervals through- 
out their lifetime. 

We feel that the wide-spread examination of apparently healthy people by 
photoroentgenological methods is a most important weapon against tuberculosis. 
The ideal, which we hope to make a reality in our county within a year or two, 
would appear to be surveys of the whole population on a complete community 
basis and repeated at intervals of perhaps two years. That such surveys can be 
made has been demonstrated, both by us and by others. In a subsequent paper 
we will present evidence indicating that such surveys are actually an effective 
method of tuberculosis control. 

SUMMARY 

1. A review of the first year’s operation of the St. Louis County Tuberculosis 
Survey with a mobile photoroentgen unit has been presented including organi- 
zation, results and costs. 

2. Thirty-four thousand and fifty-four persons were examined, of whom 579 
(1.7 per cent) had significant tuberculous lesions. Thirty-eight (0.1 per cent) 
had definitely active pulmonary tuberculosis, 24 had suspiciously active tuber- 
culosis and 42 were admitted to the Sanatorium. 

3. Two-thirds of the active cases had negative sputum on microscopic exam- 
ination of five concentrated twenty-four hour specimens. 

4. One thousand square miles of the county have been covered by complete 
community surveys. Examinations were made of 16,870 persons or a median 
of 87 per cent of the communities surveyed. 
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5. The cost of this survey for one year was $19,144.85 or 56 cents per person 
examined, $33.07 per significant case of tuberculosis found and $308.79 per 
definitely or suspiciously active case. 

6. We believe that the photoroentgen survey and more especiallj’’ the complete 
community survey are practical and important weapons in the fight against 
tuberculosis. 


STJMARIO 


1. Esta resena describe el resultado obtenido durante el primer ano de una 
encuesta tuberculosa en el Condado St. Louis con una unidad fotorroent- 
genogrdfica movible, comprendiendo organizacidn, resultado 3’- costo. 

2. De 34,054 personas examinadas, 579 (1.7%) mostraron lesiones tubercu- 
losas de importancia. En 38 habla tuberculosis pulmonar netamente activa, 
en 24 tuberculosis activa sospechosa y 42 fueron recibidos en el Sanatorio. 

3. Dos terceras partes de los casos actives mostraron esputo negative al 
examen microscdpico de 5 ejemplares de 24 boras concentrados. 

4. Mds de 1,600 kildmetros del Condado fueron cubiertos por completas 
encuestas colectivas, examindndose a 16,870 personas, o sea en conjunto 87% 
de la poblacidn comprendida. 

5. El costo de esta encuesta durante un afio fud de $19,144.85, o sea: $0.56 
por persona examinada, $33.07 por cada caso significativo de tuberculosis 
descubierta y $308.79 por caso active comprobado o sospechoso. 

6. La encuesta fotorroentgenogr&fica, y mds en particular la encuesta colec- 
tiva completa, son annas prdcticas e importantes en la lucha antituberculosa. 


The success of this survey was dependent on the whole-hearted cooperation of literall3’ 
hundreds of people, only a few of whom can be mentioned here. We would like to express 
our thanks and appreciation to the following, whose help was especially generous and 
important: Dr. B. J. Terrell, Dr. E. W. Henry, Dr. C. H. Magney, Dr. H. N. SutherLand, 
Dr. J. P. Grahek, Dr, R. W. Backus, Mr. Paul VanHoven, Mr. William T. Bates, Mm. 
Austin Lathers, Mrs. M. J. Fleming, Mrs. Ina Metso, Miss Josephine Lepak, Miss Elsie 
Keskinen, Miss Agnes E. Anderson, Miss Leah Keable, Miss Catherine Va^Ta, Mrs. Ruth 
Jensen, Miss Arlene Hayden, Miss Evelyn Carlson and hliss Rose Nemanich. 
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THE COMBINED ACTION OF P,P'-DIAMINODrPHENYLStJLFONE 
AND IMMUNIZATION IN EXPERIMENTAL TUBERCULOSIS' 

BEN C. SUER AND JOHN M. ICLOECK* 

The combined effect of chemotherapy and immunization on animals infected 
■noth vimlent tubercle bacilli is of particular interest because the conditions sim- 
ulate human reinfection tuberculosis. Little attention has been given to tlus 
problem thus far. Stcenken ct al, (1) have reported on the effects of promin and 
immunization in guinea pigs, vith the conclusion that the combined effects in- 
duced a greater inhibition of the tuberculous process than promin alone. 

The purpose of this paper is to report the results obtained with a different agent 
(p,p'-diarainodiphenylsulfonc) and immunization, •with additional controls. 
Under the conditions of our experunents the results obtained are considerably 
at variance ■with those previously reported. 

JtETHODS 

Animals and controls: Seventy female guine.a pjgs appro.ximately 8 weeks old were 
adjusted to the routine of the animal room for one month. These animals were then 
divided into four groups as follows: 

Group A; Ten untreated controls, infected with 0.0001 mg. Corper’s H400SB tubercle 
bacilli. (Control group.) 

Group B: Twenty guinea pigs infected as in group A and three days later treated 
orally with 0.1 g. diaminodiphenylsulfone, daily. (Treated group.) 

Group C; Twenty guinea pigs immunized with 0.0005 mg. of Corper's human avirulent 
strain; thirty-three days later infected as in group A, and imtreated. (Immunized 
control group.) 

Group D: Twenty guinea pigs immunized and infected as in group C, then three daj^ 
after infection treated '\i\ith 0.1 g. diaminodiphenylsulfone daily. (Treated immumzed 
group.) 

Immunization: The immunizing and infecting organisms were prepared by suspending 
weighed quantities of the tubercle bacilli wliich had been air dried to constant weight. 
The suspension was accomplished by mechanical means (2) consisting of a glass tube and 
pestle ground to fit. 

A suspension consisting of 1 mg. of dried tubercle bacilli per cubic centimeter was fimt 
prepared by grinding the bacilli in the mechanical grinder and gradually diluting 'wit 
physiological saline solution. Then 0.1 cc. of this suspension was groimd in a secon 
grinder for about three minutes and diluted to 10 cc. ■with physiological saline so u on. 
The final dilution was then made from tliis suspensjon. _ _ + n- 

Since none of the drugs studied heretofore has been 'totally effective in con ro ng 
experimental tuberculosis, it was thought that the use of partially imm'umze amma 
might prove to be a more satisfactory tool for the comparative study o t ese compoun 
With this in mind, the above immunizing and infecting doses of tubercle bacilh were se- 
lected to obtain tliis intermediate state of immunization. In this we were effectively 

‘From the Research Laboratories of the City of Chicago Municipal Tuberculosis Sani- 
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guided by (ho invcs(ign(ions on (ho quantitative aspects of immunization by Corper and 
Cohn (3)’ for, ns indicated by the tabulated data, while the average postmortem rating 
of the controls (group A) is SI that of (ho immunized controls (group C) is 47. 

Each pig in (ho immunized group C and D was inoculated subcutaneously in the right 
flank with 0.,*) cc. of the su.cpen.sion containing 0,0005 mg. of Corper’s avirulent human 
strain tulx;rcIo bacilli. One month later each pig in all of the groups A, B, C and D re- 
ceived snbcut.aneously in the left inguinal region 0.2 cc. of the suspension containing 
0.0001 mg. of Corper's strain IIIOOSB. 

JDn/jr Ihcrapi/: A drug to meet the requirements for clinical application must have 
an order of cfrectivcncss over that of any assisting or competing immune reaction and must 
decisively control the progress of the disease regardless of the immune factors. Since 
none of the compounds heretofore studied can qualif}' on this basis, the choice of di- 
nminodiphonylsulfone was made bcc-ausc this compound was showm to be the most effec- 
tive of the drugs heretofore used for the control of guinea pig tuberculosis (4, 5), both from 
the standpoint of degree of involvement and of surxnval time. 

Treatment was started in groups B and D three days after infection and was continued 
until the c.\*pcrimcnt was terminated two months later. The drug was administered by 
mixing it wdth chopped green vegetables in sufllcient quantity so that each pig received 
0.1 g. of the sulfonc daily. The addition of 40 per cent sucrose S3'rup made tliis mi.xturo 
more acceptable to the guinea pigs. For purposes of control each animal in the two 
control groups, A and C, rccciverl the same quantity' of chopped vegetables and sucrose 
syrup daily. Feldman cl al. (G) have sticcessfully used a similar technique in admin- 
istering drugs in their axperiments; and in pre^ous work we have likewise consistently 
obtained uniform results. 


COirPLrCATIONS 

During the course of these experiments, but within three weeks after the in- 
jection of xrirulcnt tubercle bacilli, 5 animals died of streptococcus pneumonia. 
These animals exhibited no gross evidence of tuberculosis. 

ESTIMATION OF RESULTS 

After tw'o months of daily treatment the animals were sacrificed and the 
amount of gro.ss involvement was estimated. To accomplish this a sum of 100 
was set for maximum involvement, and the individual organs w^ere assigned the 
following numbers to indicate the maximum gross involvement in that organ: 

Lymph nodes 8 


Spleen. 24 

Liver 28 

Lungs 40 


In the event the lungs were clear and the hilum nodes were enlarged a value 
of 5 or 10, depending on the degree of enlargement, was added to the rating. 

The basis of selecting these numbers is arbitrary, but is nevertheless based on 
the h 5 T 30 thesis that the organs which are most readily involved should be given 
lower values. Also, since each number is divisible by 4, the common procedure 

•The authors wish to express their gratitude to Drs. Corper and Cohn for providing them 
with cultures H4008B and their human avirulent vaccination strain. 
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of designating the amount of involvement of each organ by +, ++, +++, 
++ + + is readily transferred into this system of evaluation. The sum of the 
values, thus prorated, is the postmortem rating of the animal. 

The final results were as follows: 


Croup PatholoiUal ralinz 

A 81; infected 

B 25; infected and drug 

C 47; immunized and infected 

D 25; immunized and infected and drug 


It should be noted that immunization alone reduced the pathological rating 
from 81 to 47. However, the drug reduced the rating to 25 in the unimmunized 
(B) as well as the immunized (D) group. Thus the drug overshadowed in 
effectiveness the immunization to such an extent that no additive benefit was 
obtained. 

DISCUSSION 

These results are at variance with those obtained by Steenken, Heise and Wo- 
linsky (1) in which it was found that the combined effects of promin and immuni- 
zation were gi-eater than that of promin alone. These differences are perhaps 
only quantitative, for the immunization may have been so thoroughly accom- 
plished that this would have overshadowed the action of any other therapy. 
Since there were no concurrent immunized controls in their work to indicate how 
completely the immunization alone would have inhibited the progress of the 
disease, there are no immediate data available to determine this factor. Ex- 
trapolation, however, from a previous work of Steenken and Gardner (7) would 
indicate that their immunizing procedure alone does not give this great effect. 
Therefore, on this basis, an additive effect could be assumed. 

Under the conditions of our experiments it is evident that previous immuniza- 
tion has not increased the effectiveness of the drug. Since significant immuni- 
zation was produced (group C), this opens the question of whether there is sonie 
inherent antagonism between immunization and drug action. Tliis question is 
of interest in clinical tuberculosis because we may in the future frequently be 
dealing with patients partially hnmvmized by an old primary infection who have 
become reinfected and are considered for chemotherapy. A study of the inter- 
effects of immunization and chemotherapy is therefore desirable. 

The difference between our results and those of Steenken ei al. (1) nee no 
reconciliation because neither the same drug nor immunization procedure was 
used, nor was the duration of the experiment the same. It is evident, however, 
that it is unsafe to assume that the use of immunization and drugs in tu ere ous 
animals will have an additive effect. We feel also that, before the ° unmu 
nized animals becomes acceptable for chemotherapeutic studies, s n ar pro 
cedures should be developed. 

CONCLUSIONS 

1. Controlled immunization produced moderate inhibition of the tuberculosis 
process in guinea pigs. 
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2. Pjp'-diaminodiphenylsulfone was more effective than immunization in the 
inhibition of the tuberculosis process. 

3. The combined action of immunization and diaminodiphenylsulfone was no 
more effective than the drug alone. There was no significant difference between 
immunized and nonimmunized tuberculous guinea pigs when treated for two 
months with p , p '-diaminodiphenylsulfone. 

CONCLTJSIONES 

1. La inmunizacidn fiscalizada obtuvo moderada inhibicidn del proceso 
tuberculoso en el cobajm. 

2. La p,p'-diaminodifenilsulfona resultd mds eficaz que la inmunizacidn para 
inhibir el proceso tuberculoso. 

3. La combinacidn de la inmunizacidn y la diaminodifenilsulfona no mostrd 
ma^mr eficacia que la droga sola, sin que se observara diferencia significativa 
entre los cobayos tuberculoses inmunizados y los no inmunizados cuando se les 
tratd por espacio de dos meses con p,p'-diaminodifenilsulfona. 

REFERENCES 

(1) Steenken, W. Jr., Heise, F. H., and Womnskt, E: Treatment of e.vTierimental 

tuberculosis in the vaccinated and nonvaccinated guinea pig with promin, Am. 
Rev. Tubero., 1943, 453. 

(2) CoRPER, H. J., AND Cohn, M. L.: A mechanical device for preparing fine suspensions of 

tubercle bacilli and other organisms, J. Lab. & Clin. Med., 1936, SJ, 428. 

(3) CoRPER, H. J., AND Cohn, M. L.: Quantitative aspects of specific tuberculoimmunity, 

Am. Rev. Tuberc., 1943, 47, 509. 

(4) Smith, M. I., EiiotART, E. W., and Stohlman, E. F; The action of some derivatives of 

4-4'diamondiphenylsulfone in experimental tuberculosis, Am, Rev. Tuberc., 
1943, 48, 32. 

(5) Shek, B. C., AND Kloech, J. M.: Unpublished work. 

(6) Feldman, W. H., Hindshaw, H, C., and Moses, H. E. : Promin in experimental tuber- 

culosis; Sodium p,p'-diaminodiphenylsulphone-N,N'-dextrose sulfonate. Am. 
Rev. Tuberc., 1942, 4^, 303. 

(7) Steenken, W., Jr., and Gaknder, L. U.: Vaccinating properties of avirulent dis- 

sociates of five different strains of tubercle bacilli, Yale J. Biol. & Med., 1943, 
IB, 193. 



DERIVATIVES OF P,P'-DIAMINODIPHENYLSULFONE AND SULFA- 
NILAMIDE IN EXPERIMENTAL TUBERCULOSIS^ 


HENRY G. SWEANY, BEN C. SHER akd JOHN M. IQLOECK* 

In extending our pre\dous studies on some chemical factors influencing the 
growth of tubercle bacilli (1, 2), the relative tuberculostatic values of a number 
of sulfanilamide and diaminodiphenylsulfone derivatives were determined (3). 
Some of these compounds were chosen because they were known to be highly 
effective in the treatment of other bacterial infections, "while the others were 
tested on the basis of their similarity in chemical structure. 

Obviously the use of relative tuberculostatic values for screening out the non- 
effective compounds presupposes that the compounds are sufficiently soluble in 
the medium to give an effective concentration and that some compounds which 
might have proved to be effective by in vivo tests may be prematurely ruled out. 
But since it is impractical to establish in vivo ratings on every compound made 
available for this purpose, a method, even \vith limitations, is needed. On this 
basis then it seemed logical, until a better correlation between in vitro and in vivo 
ratings is obtained, to select the follonung tuberculostatic compounds from table 
1 for exploratory studies against e.xperimental tuberculosis: 1021, 1048, 1114, 
1140, 1142, 1147, promin and sulfapyridine. 


METHODS 

Animals and controls: These studies consist of five groups of experiments in which 
a total of 113 guinea pigs were used. Each pig was inoculated in the right groin with 
0.0001 mg. virulent bovine tubercle bacilli (Ravenel). The grouping, subsequent treat- 
ment, dosage and other data are as indicated below, imder Results. 

Administration of drugs: The chronological order in which each drug was studied and 
the number of animals used in each experiment were determined by the availability of 
each compound. For intraperitoneal administration each drug was dissolved in a 5 or 10 
per cent aqueous solution and injected into the left flank. For oral treatment each drug 
was dissolved or suspended in sugar solution and fed vdth a Pasteur pipette. 

Estimation of results: The gross postmortem rating of each animal was determined by 
adding the values prorated for each organ involved according to the method described 
in the preceding paper by Sher and Kloeck (4). The values obtained ranged from 0 to 
100 


REStJLTS 

Results of groups A and B: Compound 1021 was the first 

large enough quantities for the preliminary’’ experiments (group A, ta e }. ig 

een days later compounds 1048 and 1114 were available and the second group 
was started (group B). From this point these two groups are considered 

together. , . xi. -x • 

During the course of treatment palpable nodes appeared at the site of inoc- 

»From the Research Laboratories of the City of Chicago Municipal Tuberculosis San- 
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ulfttion in all animals, except in those that received compound 1048 within two 
da 3 's after thej’’ were infected. To determine the significance of this, most of the 
animals were sacrificed. 

It was found from the data thus obtained that compound 1048 retarded the 
tuberculous process to an extent that varied with the experimental conditions. 
In one e.xpcriment, which maj’ be characterized as our “Optimiun E,xperiment” 
because optimum conditions apparently prevailed to produce these excellent 
results, the postmortem rating ivas zero. There was no gross or microscopic 
c\ddencc of tuberculosis and the results were negative upon reinoculation of the 
macerated spleens. Treatment started in this instance two days after infection 
and consisted of 37 dailj' doses, IG of which were 100 mg. each followed by 21 
doses of 50 mg. each (total, 2.G5 g.). In a parallel experiment, in which the ani- 
mals were given one-half as much drug, the retarding effect was less, for the 
average postmortem rating was 43. 

In an additional experiment in which treatment was initiated eighteen days 
after infection, the average postmortem rating was 57. This is somewhat higher 
than the rating of 48 for the control animals of this group which were sacrificed 
at twenty-six daj'S, and it is significantly lower than the rating of 87 for the com- 
parable im treated controls sacrificed along ivith the treated animals at forty-five 
daj's. Although larger doses of drug were administered (a total of 3.G5 g. during 
twenty-three daj’-s of treatment), the action of the drug was less spectacular; the 
disease was well established when treatment started. However, there was a 
significant retarding effect. 

The duration of the foregoing e.xperiments was forty-five days. 

Two experiments were included in this group in which treatment was delayed 
three and four weeks, respectively. These e.xperiments were prolonged up to 
one hundred da 5 's to determine the effect of longer treatment (6.6 g. and 8.25 g. 
of 1048 were the respective total amounts of drug administered). The larger 
doses were more effective, even though treatment was delayed for the longer 
period. The respective ratings were 95 and 72 for these experiments. 

Compoimd 1021 was less effective than 1048 when given in the same amounts. 
In no instance was anj’- animal free of tuberculosis and the average postmortem 
rating was higher in each comparable experiment. 

Compound 1114 was less effective than 1021 or 1048. 

Results of groups C and D: These groups of experiments were performed to 
determine the value of oral administration of compound 1048, and also to collect 
more data when this compound is given intraperitoneaUy. Compounds 1140, 
1142, 1147 and sulfapyridine were also studied. 

The excellent results obtained in our “Optimum Experiment” were not repro- 
duced in this group, for in each experiment in groups C and D ihere was some 
involvement. Palpable nodes were detected at the site of injection before 
twenty-five days, and at autopsy there was at least generalized involvement of 
the lymph nodes in each animal. 

The average postmortem ratings in these groups indicate again that compound 
1048 is the most effective. 
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Results of group E: During the course of this work excellent results were ob- 
tained with promin (5) by Feldman ei al. Consequently, the experiments in 

TABLE 2 


Summary of experimental data 


OEOTJP 

COUPOUKD 

DURATXOH OF 
EXPESIUOEKT 

TOTAL AMOUNT 
OF DRUG ADMIN- 
ISTERED 

AVERAGE 

POSTMORTEM 

RATING 

AGE OF 
INPECTINO 
CULTURE 



days 

grams 


vttis 

A 

1021 

59 

3.5 

42 

4 


1021 

59 

1.75 

49 



1021 

59 

5.05 (a) 

62 



Control 

59 


100 


B 

1048 

45 

2.65 

0 

11 



45 

1.33 

43 




45 

'3.65 (a) 

57 



1048 

100 

6.60 (a) 

95 



1048 

100 

8.25 (b) 

72 



Control 

45 


87 



Control 

26 


48 



1114 

42 

3.5 

62 



1114 

42 

1.75 

65 



1114 

40 

3.15 (o) 

77 


C 

1048 

51 

5.2 

48 

? 


1048 

57 

0.7 

90 



1048 

59 

4.7 

56 



1048 

59 

5.3 

48 



1048 

57 

7.6 (c) 

50 



Sulfapyridine 

59 

7.3 

93 



1140 

54 

9.4 

68 



1142 

54 

9.4 

78 



Controls 

59 


88 


D 

1048 

66 


52 

6 


1147 

66 

3.4 

100 



Controls 

64 


100 


E 

1048 

71 

5.75 

41 

3 


Promin 

71 

6,6 

45 



1048 

30 

5.75 

4 



Promin 

30 

6.6 

10 



(a) Treatment was delayed three weeks. 

(b) Treatment was delayed four weeks, 
(o) Treatment was delayed two weeks. 


group E were performed to compare the action of promin with 1048, and also to 
determine the action of promin imder the conditions imposed in our experiments. 

’RTien 22 daily doses of 250 to 300 mg. of each of these drugs were given intra- 
peritoneally there was less tuburculosis than in untreated animals, although more 

































CnEMOXnEIUPY IN EXPEntMENTAE TUBERCULOSIS 


261 


tuberculosis appeared than was found by other investigators. Most of the 
animals were sacrificed fortj'-six days after the last dose was administered; the 
average postmortem ratings were 41 for compound 1048, 45 for promin and 97 
for comparable controls. The remainder of the animals were sacrificed only 
five da 5 ’S after the last dose was given, and the ratings were 4 and 10, respectively. 
As found in group B, when the treatment was discontinued the disease continu^ 
to progress. 


DISCUSSION 

Compounds 1018, 1021 and promin are sulfone derivatives and are the only 
effective drugs in this series. Of these, 1048 gave the best results. The other 
compounds arc sulfanilamide derivatives, and are not effective. This is in agree- 
ment with observations by other investigators (5, 6, 7) who found that the sul- 
fones are effective b 3 ’’ tests in vivo, and the sulfanilamide derivatives are not, 
even though thej' received relatively high in vitro ratings. 

Bewmse of the excellent results obtained in our so-called “Optimum Exper- 
iment” wth compoimd 1048, this drug was studied more intensively than the 
other compounds. However in none of the subsequent experiments were these 
results duplicated. The explanation of our inability to reproduce these results 
is based on the following considerations. 

Within group B the use of smaller doses of drug resulted in a poorer showing, 
for when the dosage was reduced by one-half the tuberculous process was only 
partially checked. It would have been of interest if we were enabled to extend 
and prolong this “Optimum Experiment” mth and without continued treatment 
to determine if positive findings would have developed. This was not done, 
except in some experiments outside of group B, and from these we are inclined to 
believe that tuberculosis would have developed. 

The extension of time factors also caused a poorer showing, for in those animals 
in which treatment was delayed eighteen days tuberculosis was well established 
before treatment was initiated. The disease advanced somewhat imder treat- 
ment, but not as rapidly as in untreated comparable controls. 

By prolonging these experiments up to one hundred days with continued treat- 
ment even higher index values were obtained. Consequently, once the infection 
was well established, the disease progressed even under treatment. It is note- 
worthy that the larger doses more effectively retarded this process. 

Experiments are in progress to ascertain whether signs of regression would 
appear if these experiments were prolonged indefinitely. 

The poorer results obtained in experiments other than in group B may have 
been caused by inherent differences in the subcultures used, for in some of these 
subsequent experiments the conditions of dosage and time are comparable to 
those of the more successful experiments. 

The subculture used for the preparation of the inoculum for group B was 
grown for eleven weeks, while those for the other groups were grown from three 
to five weeks. It is conceivable, then, that the older culture had fewer live 
bacilli and had other characteristics that caused it to be less virulent than the 
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younger growth, Tlicrefore, in group B it may be assumed that the drug had a 
less vigorous infection to combat, and under the optimum conditions the tuber- 
culous process wiia cornpletcl}’’ inhibited. To support this view, it ma}' be re- 
called that in group B, when treatment was started within two days, no palpable 
nodes appeared at the site of inoculation even at forty-five days, while in all the 
other groups in which younger cultures were used, nodes were detected before 
twenty-five days. This earlier appearance of demonstrable evidence of tuber- 
culosis in otherwise comparably treated animals is a manifestation of the greater 
rcactivitj' of these 5 ’'Oungcr cultures. 

Other factors may bo inherent in the subculture which concern themselves 
with the activity of the inoculum for, even with age of the culture and other fac- 
tors standardized, the virulence of the cultures varied. This is attested to not 
only in our own experience, but also in that of other investigators (8, 9) in which 
one group of control animals sur\dvcd for about two to three months, while from 
presumably identical cultures, similar groups of animals li\’cd for about six to 
seven months, 

A greater amount of tuberculosis appeared in our treated animals than was 
reported b}' other investigators (5, S). Tliis is true not onl}* of the present series 
in which the Bavcncl strain was used, but also when we used a subculture of the 
II37IIV used by Feldman and his coworkers and kindly sent to us by Feldman. 
It was therefore of interest to determine how much tuberculosis would result when 
promin, a substance for which the effectiveness had been determined, was sub- 
mitted to our tests. More involvement was found in our tests than was obtained 
by other investigators. It is our feeling that these results may be due to our 
selection of the right groin as the site of inoculation, while other workers selected 
the sternal region. In the groin or inguinal region, the l^miphatics readily be- 
come involved. Once this has occurred nodes are formed which presumably 
serve as a reservoir of tubercle bacilli. From these there is a constant source of 
infection which has proved to be too great to be overcome by the drugs heretofore 
studied. 

To conclude, the authors wish to stress that these e.vperiments were exploratoiy 
and none was sufficiently extensive to determine whether these or similar drugs 
are suitable for clinical tests. However, the data accumulated have served as a 
guide for our subsequent studios soon to be submitted, 

SUAlMAnV 

1. Three p,p'-diaminodiphonyIsulfone derivatives and five sulfanilamide 
derivatives were selected from a scries of in vitro tests for further tests in experi- 
mental tuberculosis. 

2. Each of the p,p'-diaminodiphenylsu]fone derivatives effectively retarded 
the tuberculous process in guinea pigs. 

3. The sulfanilamide derivatives were noneffective although each received a 
high in vitro rating. 

4. Compound 1048 was the most effective by tests in vivo. 

5. The amount of tuberculous involvement varied between experiments and 



CHEMOTHERAPY IN' EXPERIMENTAL THBERCTJLOSIS 


203 


differed from that found by other observers. This is due to the characteristics 
of the inoculum and other factors resulting from the conditions imposed in our 
experiments. 

SCMARIO 

1. Tres derivados de la p,p'-diaminodifeni]suIfona y cinco derivados de la 
Eulfanilamida fueron seleccionados de una serie de ensayos in viiro para nuevos 
ensayos en la tuberculosis e.\'perimental. 

2. Todos los derivados de la p,p'-diaminodifenilsulfona retardaron eficaz- 
mente el proceso tuberculoso en cl cobayo. 

3. Los derivados de las sulfanilamidas se mostraron incScaces aunque todos 
habfan recibido una clasificacidn alta in viiro. 

4. En los ensayos in vivo el compuesto 1048 resultd ser el mds eficaz. 

5. La magnitud de la invasion tuberculosa varid en los e.xperimentos, dis- 
crepando de lo descubierto por otros obsen^adores, lo cual se debe a las carac- 
terlsticas del indculo 3 ’’ a otros factores relacionados con las condiciones impuestas 
en estos experimentos. 

Professor M. S. Kharasch and Dr. Olio Reinmuth, of Iho University of Cliicngo, pro- 
vided us with most of the compounds studied in this paper, and gave us their cvccllcnt 
cooperation. Eli Lilly and Companj' provided us with a number of compounds, especiall}’ 
Kharasoh Compound 10-18 in large quantities. Parke, Davis & Company provided the 
promin. To these we wish to express our gratitude. 
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TUBERCLE BACILLI IN THE METABOLIC APPARATUS ^ 

M. G. STEMMERiMANN^ and ARTHUR STERN 

Notwithstanding our sure knowledge of its virulence, viability and physical 
characteristics, the itinerary of the tubercle bacillus from one pulmonary depot to 
another has never been completely established- That its commonest route is a 
direct mouth to mouth one, via infected oral discharges, has been generally 
accepted on the basis of many experimental studies and of clinical experience. 
That its passage may be affected by such passive vectors as dust, clothing, toys, 
books and eating utensils has been accepted more often by inference than by 
experimental evidence. In fact, experimental work indicates the rarity of 
mechanical vectors m the dissemination of tubercle bacilli. 

Bogen and Dunn (1) found but few places at Olive View Sanatorium in which 
exposed Petri dishes yielded cultures of tubercle bacilli. Jacobs and Petroff (2) 
failed to recover tubercle bacilli from the books or clothing of patients at Sea 
View Hospital, although, for the purposes of the experiment, the patients were 
urged to be as careless as possible while coughing and e.xpectorating. 

Among the vectors that it has been assumed are factors in the dissemination of 
the tubercle bacillus is the respiratory apparatus, particularly the instrument used 
in the determination of the metabolic rate. Large sanatoria often have two 
machines for the use of “positive” and “negative” patients, respectively. Where 
but one apparatus is available its use is often restricted to those patients whose 
pulmonary discharges are free of tubercle bacilli. The following e.xperiments 
were designed to determine whether or not such organisms could be isolated from 
the respiratory apparatus, in order that its r61e as a vector in the dissemination 
of tuberculosis might be evaluated. 

MATERIAI, AND METHODS 

Fourteen patients were selected for the e-xperiment, all of whom had far ad- 
vanced pulmonary tuberculosis with two or more excavations. The combined 
diameters of the cavities equalled from approximately 5 cm. per patient to more 
than 10 cm. The sputa in each case consistently contained large numbers of 
tubercle bacilli which were estimated to range from Gaffky five to Gaffky ten. 

For the purposes of the experiment, basal conditions were obviously not re- 
quired. Except as noted below, the tests were otherwise performed for ten 
minutes in the conventional fashion for determining the metabolic rate with the 
Sanborn waterless apparatus. From figure 1 it can be seen that expired air is 
filtered through the soda lime, enters the ox5'’gen filled spirometer, and is re- 
breathed through tube B, carbon cfioxide being absorbed by the soda lime at the 
base of the instrument. 

After two to four minutes’ quiet respiration, each patient was asked for his 
greatest possible expiration following the deepest possible inspiration (vital 

1 From the Medical Service of Dr. G. E. Gwinn, Pinecrest Sanitarium, Bcokley, West 
Virginia. 

® Medical Director, Owen Clinic, Huntington, West Virginia. 
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CAjiacily), The cx'pinif ion wns uptwlly (erminaied prematurely by a cough wliich 
the paficnl av;i.''' urgcxl not (o pupprcs.s. In the few eases in which forced respi- 
ration failed to t'lieit coughing after two or three trials, the patients were re- 
qucstctl to rough into the machine at (he end of the ten-minute breathing period. 

Before the patient w.ns disconnected from (ho apparatus, the outlet valve was 
closed. The outlet end of tlio metal “U” wa.s then inverted into a sterile flask, 
the outlet valve ojHjnod, and the remaining gases in the spirometer were flushed 
out several times uilh air. Both eonuccling nibber tubes and the metal “U” 
were then flushed with sterile Ralino, the washings being collected in the same 
fla.sk, about 300 cc. of s.alinc being used in each case. 

'Dig w.nshings thus obtained were centrifuged and the sediment, which con- 
tained considerable debris from the nibber tubing, was di\ddcd into two parts. 


FAN 


Fig. 1. Metabolic respiratory apparatus 

Tube 1 was concentrated with 4 per cent sodium hydro.-dde and neutralized with 
10 per cent hydrochloric acid. The specimen was again centrifuged and the 
sediment planted on Holm’s medium. Tube 2 was treated in the same manner 
as tube 1, except that 5 per cent o.valic acid was used for concentrating, the sed- 
iment washed vdth 0.9 per cent sodium chloride and planted on Petragnani’s 
medium. Smears of the sediment %vere examined direct for tubercle bacilli in 
both instances. The cultures ivere e.\-amined weekly for two months for groudh 
of tubercle bacilli. 

RESUI/rS ANO DISCUSSION 

Neither smears nor cultures from 14 washings of the metabolic respiratory 
apparatus following its use by actively infected tuberculous patients were pos- 
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itivc for tubercle bacilli. Obviously these persons, although they may not have 
been breathing tubercle bacilli into the spirometer, were certainly coughing 
bacillaiy laden particles into the apparatus. That we could not recover these 
organisms was due to either one or both of two factors. 

Firat, the bacilli may have been too few in number in the air and saline washed 
portions of the apparatus to be demonstrable by our methods. If this were true, 
the bacteria must indeed have been few, since we have used similar methods of 
washing with positive results in testing the bacteriological cleanliness of gastric 
tubes following their use by tuberculous patients. 

Second, and more probably, the organisms may have been filtered out by the 
soda lime at the bottom of the machine and have therefore been irreclaimable. 
It would appear, then, that this type of respiratorj' apparatus can rarely, if ever, 
act as a vector in the spread of pulmonarj' tuberculosis. This would also be 
true of the Benedict-Roth apparatus in which the e.\pircd air likewise passes 
first through soda lime before entering the remainder of the spirometer and the 
intake tubing. 


CONCLUSIONS 

In order to determine whether or not the basal metabolism machine may act as 
a mechanical vector in the dissemination of pulmonary tuberculosis, tliis in- 
strument was tested for the presence of tubercle bacilli. After each of 14 pa- 
tients with massively positive sputum had breathed and coughed into the ma- 
chine for ten minutes, the remaining gases were flushed out vdth air and the 
connecting rubber hoses were irrigated with saline. In not a single instance 
could tubercle bacilli be recovered from the washings, indicating that even after 
its continued use by highly "positive” patients the basal metabolism machine is 
not a likely factor in the spread of pulmonary tuberculosis. 

CONCLUSIONES 

A fin de determinar si los aparatos usados para cstudiar el metabolismo basal 
pueden actuar como vectores mecdnicos en la difusidn de la tuberculosis pul- 
monar, se comprobd en uno de dichos instrumentos la presencia de bacilos tuber- 
culoses. Despu(is que cada uno de 14 enfermos con esputo intensamente 
positive habia respirado y tosido en el aparato durante diez minutos, se expul- 
saron los gases restantes con aire y se lavaron con solucidn salina los tubes de 
caucho conectantes. Ni en un solo caso pudieron encontrarse bacilos tuber- 
culoses en los lavados, lo cual indica que, aun despufe de su continuo empleo por 
enfermos altamente “positives”, no es probable que el aparato del metabolismo 
basal constituya im factor en la propagacidn de la tuberculosis pulmonar. 
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Max Pinner: Pulmonary Tuberculosis in the Adult. Its Fundamental Aspects. 
Pp. xiii + 579, with 69 figures, and 4 graphs, Charles C Thomas, Publisher, 
S01-SS7 East Lawrence Avenue, Springfield, Illinois, U. S. A., 1945, fabrikoid, 
S7.50. 

By J. BURNS AMBERSON 

Max Pinner set for himself a clear and specific purpose in writing this book which 
is . . not to impart Icnowledge but to create understanding, to form rational 
and consistent attitudes and approaches to the problem as a whole, to provide 
the basically necessarj’’ foundations on which . . . the practical work should pro- 
ceed.” It is a bold and worthy purpose which few could undertake to fulfill, 
but one which immediately engages the interest of the student of pulmonary 
tuberculosis. In so setting his course the author avoided the onus of assembling 
and presenting the minutiae of factual knowledge, freed himself to select those 
facts which he considers pertinent and significant, and allowed himself wide scope 
for integration and interpretation. In short, he eschewed the r61e of encyclo- 
pedist to take that of expositor and philosopher. No one may fairly essay the 
r6Ie until years of experience, study and contemplation have seasoned him with 
such wisdom as Pinner now possesses. 

The selected data are from original sources and include a faithful, adequate 
and accurate account of the thinking of such students as Koch, Ranke and 
ICrause. The author succeeds in distilling the essence of significant conceptions, 
analyzing it in an interesting and often very penetrating way, and then blending 
the material which passes the analytic test into new, modified or amplified con- 
ceptions according to his own reasoning and judgment. In doing so he keeps 
a fine balance of objectivity, avoids bias and special pleading, and maintains 
a true perspective of the relative meaning of his own researches. At the end of 
each chapter and finally at the end of the book are added a selection of references 
(some treated at length in the text) with concise and informative annotations. 

In revealing, analyzing and formulating many basic principles, the author’s 
approach is broad and versatile; he brings to bear known facts from all sides, 
experimental, bacteriological, pathological, roentgenological and clinical. Thus, 
in explaining the exudative reaction to tuberculous infection in the lungs, he 
discusses the pathological peculiarities resembling those of nonspecific pneu- 
monia, stresses the practical importance of differentiation and discusses the 
clinical implications. Here one may doubt whether exudative lesions completely 
resolve as often as Pinner seems to think, may lay more emphasis on the time 
required for their stabilization and durable arrest, and may prefer sometimes to 
possess himself in patience longer before inducing pneumothorax for one which 
starts to break dovm and excavate. But these are shades of opinion which w’ould 
be permitted anyone and which in no way detract from Pinner’s insistence on 
the invariable instability of such lesions at inception, their potentialities for 
harm, especially m young people, and the need for prompt and careful treat- 
ment. 
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An informative epitome is given of the ])roperties of tlic tubercle bacillus, 
of its chemical nature, and of the limitations of interpreting biological reactions 
to chemical fractions in terms of the natural disease. The problems of immunity 
and allergj', which in most books seem to defy elucidation, are presented with 
admirable clarity. While obscure corners are indicated as such, sound princi- 
ples arc singled out for their fundamental importance; for e.vample, . . in not a 
single experiment has it been possible to increase tlic innate resistance of an 
animal without producing tuberculous tissue in it," (p. 97) How futile e.xperi- 
mentation on immunity would be if this were ignored ! Likewise, how cogent for 
the clinician is the conception, “Phthisis is in essence a Koch phenomenon in the 
lung.” (p. 125) 

Not every opportunity is taken to define conditions in such a sharp and arrest- 
ing way. Pinner, for instance, follows the usual practice of describing the 
meaning of the tuberculin reaction as “infection” but not necessarily “disease.” 
It is not just purism to insist that infection is the process of implanting the bacil- 
lus into the body and that this alone does not sensitize the tissues to tuberculin; 
only after the lesion appears does this happen. It would be better for under- 
standing, therefore, if the current aphorisms anent the tuberculin reaction 
could be modified somewhat as follows: A reaction means tubercle (or even tuber- 
culosis) but not neccssarihj progressive tuberculosis. Other voices have so spoken 
in the past, but they were too small and still. Nevertheless, this objection 
against form of e.xpression is quite subordinate to acknowlcdgnicnt of the excel- 
lence of the discussion of tuberculin and its uses. 

The chapters on phthisiogenosis and the inception and course of pulmonary 
tuberculosis arc also typically logical, lucid and sound. Some will consider the 
frequency of hematogenous lesions of the lungs, especially of adults, to be over- 
rated and will contend that the roentgenographic illustrations of some such 
cases may be interpreted differentlj’’, but few will disagree that “cpituberculosis” 
is more of a terra (and a poor one at that) than a well defined pathological lesion. 
Pinner reports some observations of American internists that primary lesions in 
adults do not behave differently from reinfection lesions, but the recent experi- 
ence indicates that the former are more unstable and likelj'^ to progress. 

The discussion of bronchial tuberculosis and its consequences will be most 
helpful to physicians dealing with tubei’culous patients. Much confusion is 
cleared away especially concerning “atelectasis” which usually is a mistaken 
diagnosis and turns out to be pneumonia, edema, fibrosis or a combination of 
these with suppuration. 

I’idiile the value of the Gaffky scale is sermrely and deservedly depreciated, 
the importance of detecting tubercle bacilli in the sputum or proving their ab- 
sence is propei'Iy emphasized in differential diagnosis and in determining the 
activity of lesions. Leucocyte counts are affirmed to be valuable in differential 
diagnosis but relatively useless in prognosis as compared with other obseiwations. 
For the first time in any book of this character, an adequate, up-to-date con- 
sideration of the ph 5 "siological principles of respiration is presented. Treatment, 
medical and surgical, is discussed, not as to details and techniques, but according 
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to fundamentals, detailing many of the mechanisms involved. Indeed, selection 
of treatment is often an easy and logical inference after one grasps and under- 
stands what is known about these mechanisms. The reasoning throughout is 
distinguished by good sense which comes of sound experience. The final chapter 
on epidemiological principles fills out the picture as the author originally con- 
ceived it. 

A very commendable feature of the book is the selection and quality of the 
illustrations. These arc obviously chosen to demonstrate specific observations 
and they are reproduced clearly so as to show what they are supposed to show. 
They match well with the easil}’ readable printing and the pleasing format. 

The purpose of the book is achieved surpassingl 3 >- well. The receptive neo- 
plnic in this field of medicine will be informed and oriented. The experienced 
phj'sician will certainlj' be reoriented, will acquhe understanding and will be 
stimulated to pursue through his own efforts the endless quest of better under- 
standing. 


Ruth Rice Putfeb; Familial Susceptibility to Tuhcreulosis. Its Importance as a 
Public Health Problem. Pp. x 106, Cambridge, Massachusetts, Harvard Univer- 
sity Press, 1944, (doth, S2.00. 

Bv TOKno beisneh 

The old theme of the “seed” and the “soil” or, in other wmrds, the question as to 
whj’’ certain persons exposed to infection with the tubercle bacillus develop the 
disease, while others under comparable conditions of exposure fail to do so, re- 
mains one of the fundamental problems in the pathogenesis of tuberculosis. 
This monograph emphasizes the importance of two basic factors in the causation 
of tuberculosis, namelj’-, exposure to infection and familial susceptibility to the 
disease. Most of the data included in the book represent the result of intensive 
epidemiological studies which have been carried on by Doctor Puffer and her 
coworkers since 1931, as a part of a special project in Williamson County, Ten- 
nessee, with the assistance of the International Health Division of the Rocke- 
feller Foundation. 

In introductorj^ chapters the author summarizes some of the older and more 
recent literature dealing with the problem of heredity and tuberculosis and reviews 
observations on familial susceptibility in diseases other than tuberculosis, such 
as leprosy, rheumatic fever, poliomyelitis and diabetes. There is also a sum- 
mary of recent experimental work in animals, pointing to the significance of 
hereditary factors in susceptibility and resistance to infectious diseases, especially 
tuberculosis, as well as a review' of twin studies carried out on human material. 

The gi-eater part of Doctor Puffer’s book is devoted to a statistical analysis and 
interpretation of the epidemiological data of the Williamson Coimty Study. 
Morbidity and mortality figures in siblings, consorts, parents and children 
of tuberculous index cases are presented and analyzed, and a good deal of con- 
vincing evidence is adduced in favor of familial susceptibility to the disease. 
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Of particular interest are the data dealing Bath the controversial question as to 
frequency of the disease in consorts of persons wnth tuberculosis. The percent- 
ages of consorts with manifest disease were high, especially so for consorts of 
sputum-positive cases,, a finding pointing to the importance of household ex- 
posure. However, v'hen the consorts B'ere separated into two categories accord- 
ing to the presence or absence of tuberculosis in members of their oum families, 
such as parents and siblings, the frequency of the disease was found to be signifi- 
cantly higher in consorts with a family history of tuberculosis than in those with- 
out such history. 

The author presents interesting data relative to tuberculosis mortality of 
parents of tuberculous index cases. It is shown that the death rates of parents, 
especially of mothers, have remained excessively high over long periods of time, 
while the total death rate has shonm a marked decline during this period. This is 
attributed to continued familial aggregation of the disease and it is suggested 
that the general decline of tuberculosis mortahty may be due to a reduction in 
the proportion of susceptible families. 

There are some significant observations on the occurrence of tuberculosis in 
the children of tuberculous parents. While the attack rates of children of a 
parent with sputum-positive tuberculosis were found to be high in childhood and 
in young adult life, after the age of 30 the attack rates of children of a parent who 
had tuberculosis mthoui knovm positive sputum exceeded those of the former age 
groups. "By 50 years of age appro.ximately the same proportion of both groups 
of children had developed tuberculosis.” Prevalence rates in children of tuber- 
culous parents were practically identical in those removed from home without 
knowm e.\'posure, as in those vith household exposure to infection, thus suggesting 
“that children of tuberculous parents are susceptible to the disease.” 

The concluding chapter contains some specific recommendations concerning 
control measures, based on the observations of this study. It is emphasized 
that case-finding activities should be concentrated on the susceptible groups of 
the population made up of tuberculous families. The recommendation is made 
to extend the case-finding programs to include observation of household associ- 
ates of persons B’ith tuberculosis, as well as follow-up of close blood-relatives, 
such as parents, siblings and children of the tuberculous, irrespective of house- 
hold exposure. T’iTiile there would seem to be a good deal of evidence to justify 
such a program, there may be some question as to how far it'could be carried out 
in practice in view of the constantly shifting population, especially in large ur an 

centres. _ _ • • tu 

Doctor Puffer’s monograph should stimulate similar family studies m ® 
parts of the countiy. It would be of particular value to carry out such studi^ 
in areas where tuberculosis is less wide-spread in the total population than is 
apparently the case in Williamson County, as they might reveal a more distmct 
separation between susceptible and resistant groups. 

This book should be of great interest to all students of tuberculosis, clmicians 
as well as public health workers and epidemiologists. 
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Ennc ITedvall: Bovine Tnhcrcitlosis in Man. A Clinical Study of Bovine Tubercu- 
losis, Especially Pulmonanj Tuberculosis, in the Southernmost Part of Sweden. 
Aela Medico Scatidinavico,' Supplcmc7ilinn CXXXV, Mercators Tryckeri, Hel- 
singfors, 194 s, pp. SS9. 

Bv J. A. MVERS 

The first actual isolation of the bonne tjnoe of tubercle bacillus from human 
lesions was accomplished by Ravcnel in 1902. These were found in abdominal 
lesions of a child who had died from tuberculous meningitis. Although the fact 
was soon established that axtrathoracic tuberculous lesions frequently are pro- 
duced by the bovine tj-pe of bacillus, it was long believed that this organism does 
not cause jmlmonar}' disease in man. In fact, prior to 1922 only 4 such cases had 
been rej)ortcd. However, in 1932 among 1,040 cases of pulmonary tuberculosis, 
Griffith found that 2.3 per cent were due to the bovine type of bacillus. In 1937 
he reported a total of 1G3 such cases in Great Britain. They ranged in age from 
7 to 72 j-ears. In 1935 Tobiesen el al. described 20 cases of pulmonarj’- tuberculo- 
sis due to the bo\'ine tj'pe of bacillus in Denmark. Tlirec years later Jensen, of 
the same count ly, found this organism in the gastric contents of 5 per cent of 
1,774 cases of pulmonarj' tuberculosis. In Holland, Buys e.xamined 204 cases of 
pulmonarj' tuberculosis and found the bovine tj'pe of bacillus in the sputum of 
6.4 per cent. Lange in Germany reported 40 cases of pulmonary tuberculosis 
among stable-boj's and milkers, of whom the bov'ine type of bacillus was re- 
sponsible for 20 per cent. Thus Doctor Hedvall’s present contribution not only 
confirms the work of others, but also emphasizes the great importance of pro- 
tecting humans against the bo^'ine type of tubercle bacillus. 

In this fine monogi-aph, Hedvall reports in considerable detail 67 cases of 
tuberculosis in man caused bj' the bovine type of organism in the Province of 
Sk^ne, Sweden. These patients ranged from 3 to 68 years of age.. While 
analyzing the data for this report 27 more cases were diagnosed, making a total 
of 94. These indi\'iduals had such conditions as Ijonphadenitis, acute miliary 
tuberculosis, tuberculous meningitis, pleurisy of the exudative type, peritonitis, 
tuberculosis of the bones, urogenital tract and the lungs. Among the 94 patients 
were 53 with primarj', secondary or tertiary pulmonary tuberculosis, correspond- 
ing to a little more than 3 per cent of the tj'ped specimens from a large gi-oup of 
patients with pulmonary tuberculosis. Secondary and tertiary pulmonary 
tuberculosis was found in 28 cases. In 9 the disease was rather e.xtensive and in 
6, veij' ex-tensive. The lesions were markedly exudative in 19 of the patients 
and in 20, cavities were present. Sixteen of these 28 patients had already died 
when he made his report. Hedvall demonstrated that tuberculosis of bovine 
origin in man shows complete agreement with the corresponding forms due to the 
human tj'pe of bacilli. The only possibility of establishing the diagnosis is by 
typing the tubercle bacilli. Thus, the former belief that the bovine type of 
tubercle bacillus has a low virulence for man is untenable. Sunilar observations 
have been made by Griffith and others. 
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Only 14 of the 67 cases reported in detail were persons living in towns, several 
of whom had acquired their bo^dne infection during earlier soj oums in the countrJ^ 
The remaining 53 cases occurred among the rural population. Hedvall states' 
that persons li\dng in the Province of Skine, w'hose occupations bring them into 
a more regular and direct contact with cattle, run a great risk of being infected. 
In fact, 43 of his 67 cases belong to this category. 

Hedvall has demonstrated that the bovine type of tubercle bacillus can be 
transmitted from cattle to man, from man to man, and from man back to cattle. 
Therefore he says it is imperative that the campaign against tuberculosis in 
cattle be carried on with the greatest energy and that the goal must be the ex- 
termination of tuberculosis among these animals. He calls attention to the fine 
work of this nature that is already in progress in Sweden. Obviously the 
marked reduction of certain forms of tuberculosis in man in the United States is 
m no small way due to the veterinarians’ control of the disease in cattle. This 
has been so effective that at present only approximate^ 0.2 per cent of the cattle ' 
in^this country are infected with tubercle bacilli. 
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Amadeo Joaquin Rev, Julio C^sae Pangas anp Raul Jokge A4ass£: Tratado 
de Tisiologia. Preface by Antonio Cctrangolo. Pp- + 6QQ, with 18S figures, 
Editor: "El Ateneo," Buenos Aires, 1945, -paper. 

By ANTONIO MOLINA 

In this book the authors present to us, in concise form, a complete summaiy of 
all the fundamental concepts and information relative to the vast field of tubercu- 
losis, which are known as of the present day. 

The findings relative to the study of tuberculosis in recent years are so numer- 
ous that the general practitioner hardly has time to keep abreast of all that which 
is published in reviews and monographs. In this respect, the work of Doctors 
Rey, Pangas and Mass<5 is of great value to students and nonspecialized 
physicians. 

In this third edition which is appearing two years after the previous publica- 
tion, several topics have been e.xpanded, nameb'', bronchial tuberculosis, nodular 
tuberculosis and diferential diagnosis of pulmonaiy tuberculosis and collapse 
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•tberapy. The aulhore state in the preface that they have deliberately omitted 
all that which, hjqjothctically, could be found in the countless chapters written 
on the study of tuberculosis, and that thej’’ arc mentioning names or analyzing 
criteria only when these arc new and original or when they arc debatable points. 
They further state that, insofar as possible, they have attempted to adapt and 
adjust the various tuberculosis trends to the orientation of the Argentinian, 
schools, and avoid all exclusive tendencies. 

The book is diNaded into 5 S chapters, an appendix which deals TOth the 
tuberculosis of domestic animals and an alphabetical index. Although a large 
portion of the chapters is dedicated to the tuberculous processes of the respira- 
tors* tract, all the various extrapuhnonarj'^ localizations are adequately treated. 
Those chapters wliicli are judged to be of secondary interest are set in a smaller 
tj*pe. The hematogenous forms, which contributed so greatly in modifying the 
classical concepts of the pathologj’- of tuberculosis, are described thoroughly and 
accuratel3\ In the chapter dealing with the classifieations of pulmonary tuber- 
culosis, the authom re\new the principal categories, giving preference to Bard’s 
classification which enjo3's a large following in Argentina. The various chapters 
concerning pulmonar3* collapse therapy are also well presented. 

In short, it can be stated that this treatise gathers in its pages the most im- 
portant present da3^ data relative to specialization in tuberculosis, and the 
various concepts of the Argentinian and American schools of thought. The 
entire work is WTitten in lucid style and the great number of reproductions of 
radiograplis increases the value of tlie book wliich is skilfxiUy published by 
"El Ateneo." 


RtrooLF Cobet: Txihcrhilosc und Krcislauf. Pp. 96, with 45 illustrations, 
Berlin and Vienna, Urhan <fc Schwarzenherg, 1941, 

Bv GEORGE C. LEINER 

A comprehensi^*c description of the relation between tuberculosis and circulation 
is given — according to the author, the first time in the German literature. The 
correct judgment of the circulator3’- condition of the patient with pulmonaiy 
tuberculosis is of great importance for estimation of the worldng capacity as well 
as for the ’indication of collapse tberapy. The first chapter deals with the tuber- 
culosis of the pericardium, m3mcardium and endocardium. Then, the effects of 
tuberculosis, especially pulmonary tuberculosis, on the circulation are discussed. 
The chapters are: Toxic effects on the circulation; disturbance of circulation by 
mechanical factors; disturbance of pulmonary functions and their effect of col- 
lapse therapy on the cuculation; respiratory and cuculatory function tests in 
patients with pulmonary tuberculosis; treatment of circulatory disturbances in 
pulmonary tuberculosis. The last part of the monogi-aph is devoted to the 
influences of cardiac anomalies on development and course of pulmonary tuber- 
culosis. After each chapter there is an extensive fist of references wliich include 
the American literature. 
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Clark W. Heath: What People Arc. A Study of Normal Young Men. In 
collaboration with Lvcicn Brouha, Lewisc IF. Gregory, Carl C. Seltzer, Frederic L. 
Wells and William L. Woods. Pp. xvi + HU S figures and 7 tables, Cam- 
bridge, Massachusetts, Harvard University Press, 1946, doth, $2.00. 

Rir MAX PINNER 

“This book is to be regarded as a brief introduction to the point of vievr of the 
Grant Study and the methods used in its efforts to study normal human beings.” 
The implications of new and integrated Icnowledge of the physical, mental and 
emotional make-up of “normal” men in our modern society of iudustrialism and 
competition are practically limitless. Justification of such a study is quite 
superfluous. The methods and semantics of this type of work -nill have to be 
judged on the basis of much more complete records which -nill be forthcoming, 
and they may easOy become points of controversy. 

For the present brief progress report, a few points of interest, which may 
possibly become the centres of future debates, should be mentioned, vdthout 
entering into any discussion in the absence of much more complete data and 
correlations. 

The workers in this study have selected “normal” Harvard students. The 
Study is so fundamental and so definitely a departure from previous mass studies 
of “normals” that the investigators must be granted the privilege of choosing 
their own basic terminology. Within this framework, “normal” denotes more 
than absence of abnormality; it denotes * ‘balanced, harmonious blending of 
functions that produce good integration.” (The skeptic may venture to say 
that “normal,” then, is a characteristic of a mmority, privileged by nature and 
experience.) 

Next, it may be mentioned that the “normals,” selected ndth considerable 
care and on the basis of elaborate standards, included, as further studies showed, 
young men who, according to accepted though vague standards, are not normal, 
such as men who, under basal conditions, had a pulse rate of up to 105, a range 
of basal metabolism of — 27 to -f- 26, a systolic blood pressure, on standing, up to 
172 and a diastolic up to 106. Similar extremes were found in mental and 
psychological data. This is not mentioned for the sake of semantic acrobatics 
aroimd the term "normal,” but rather to point out that, in this group of ^ nor- 
mals” with an unusually high standard of selection, the range of many physio og- 
ical functions studied is astoundmgly broad. _ 

In the psychological data, the workers chose, probably wisely , not o a ere 
to any traditional standard terminology, but to choose essentia y non-prej- 
udicial descriptive terms. However, many may question whether it was really 
necessary and sound to start quite as much from scratch in this regar . 

There is a stated awareness that the pragmatic usefulness of the standards 
and judgments employed in this study can be determined only by follow-up 

observations of periods measured in decades. 

Throughout the Study, as presented in this brief introduction, the ultimate 
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criterion of “normal” is the ability to function properly, to “perform their tasks 
u'ell;” one suspects in terms of ultimate success of the individuals studied. There 
is no good reason why tliis should not be a suitable measuring rod. But the 
skeptic might want to know in what terms success is going to be measured. He 
might also prefer to see much more definite statements, than the ones that are 
made, that the frame of reference is our society such as it is to-day. It is just 
possible that tiie young man who, in this society, possesses the “balanced, 
harmonious blending of functions” may find himself at sea without compass and 
without “good integration” if he should be thrown into unexpected situations, 
or if some essential features of our present society should undergo some basic 
change in his lifetime. History is full of such individuals who were unable to 
make the necessary adjustments, even to such common changes as chronic 
illness or economic depression. Granted that the majority of the subjects 
studied gave an excellent account of themselves in war service. But the ce- 
ment of close conununity life in the Armed Forces may well hold together a 
personality that may break into chaotic pieces when confronted with problems 
that he has to face alone. More young men disintegrated mentally and physically 
after the first world war than during the war — not counting the victims of direct 
enemy action. But these are not critical remarks; rather thoughts stimulated 
by the monograph. 

The author points out with profound justification that studies, such as this, 
are urgently needed to provide rational answers to the question: “education for 
what?” This book makes it clear that only a study of many physical and 
psychological aspects of “normals” will pull the answers out of the grip of dog- 
matic convictions. 

The main criticism that occurs to this reviewer is the fact that no correlations 
are presented between physiological and psychological findings. It might be 
interesting to know whether marked deviations from customarily accepted 
averages are likely to occur in regard to physiological and psychological functions 
in the same persons. But such analyses are obviously beyond the scope of the 
present “introduction.” It is hoped that a more definitive report will fill this 
gap. Such information, be it in the form of positive or negative correlations, may 
well turn out to be one of the most significant results. 

Most readers will undoubtedly find much of profound interest in this “intro- 
duction,” both as regards methods of investigation and preliminary results. 


HARonn M. Gavins: National Health Agencies. A Survey with Especial Refer- 
ence to Voluntary Associations. Including a Detailed Directory of Major Health 
Organizations. Pp. 251, Public Affairs Press, Washington, D. C., 1945, doth, 
SS.OO. 

Bii E. H. L. CORWIN 

Within a brief compass the origin and development of four national professional 
bodies, the American Psychiatric Association, the American Medical Association, 
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tlie American Dental Association and the American Public Health Association, and 
of ten national voluntary health agencies interested in the promotion of their 
respective public interests are described in tliis book. 

Voluntaiy promotional health organizations are a characteristicall}'- American 
product. No other countiy has developed to the same extent counterparts of 
our voluntar}’- health agencies, and the reason for it is not the American tendency 
to form societies at the slightest provocation, but rather the dependence of public 
health promotion in the United States on private initiative. Tiiis then answers 
the fundamental question. What are the characteristics of Ameiican thought and 
life that have made the voluntarj' health agency posisble? 

But, “Why was there no National Tuberculosis Association before 1904? 
Why did most of the other important voluntary health agencies develop in the 
fifteen or twenty j'ears after 1904?” The reasons, in so far as the author ad- 
vances them, are discussed in the summaiy chapters of the book as well as in 
connection with the description of the development of each particular national 
health bod 3 ^ Not all of these descriptions are of equal comprehensiveness for 
the basic data have not been in equal measure available for each organization. 
The author has made no efi'ort to consult sources; he uses onty what is ready at 
hand and so, thanivs to the work of the late S. Adolphus Knopf, he has apparently 
had the least difficulty wdth the National Tuberculosis Association. In > the 
comse of this chapter the author brings out the importance which attaches to 
broad educational efforts in the field of public health. That and the fact that the 
promotional health associations are composed of la 3 Tnen of various kinds dis- 
tinguish them from the professional organizations. The National Tuberculosis 
Association, the first to focus a nation-udde interest on a single disease, has 
become the paradigm for other health bodies. 

"i^Tiile such professional organizations as the American Medical Association, 
the National Organization for Public Health Nulling, the American Public 
Health Association and the American Dental Association draw their support 
almost entirety from within their respective professional groups, the promotional 
t 3 ’pe of health agenc 5 '' derives its financial support from gifts, endovanents and 
individual and corporate contributions. Thus, although the direction of the 
health agencies comes from professional groups, the membership and support 
come almost wholly from the lait 3 ^ The other difference lies in the fact that 
while the professions must needs concern themselves chieSy with matters o 
ethics, professional education and standards, and the furthering of pro essmna 
interests, the promotional organizations devote themselves to socio-me ica 
problems, to the expediting of social justice and to the stimulation o scien i c or 
quasi-scientific research. “With or ^vithout bias, their cliirf veapon as een 
the promotion of ideas or of knowledge, through education, pubhcit 3 ^ and 
propaganda. They have promoted, instigated, or initiated mvestigations, 
demonstrations, e-xperiments, research, and legislation. The 3 '’ have courted an 
used the professions; in some instances the 3 ’’ have tried to educate them. But 
the lay public is their field of acthdty, their source of support, and their fina 
’ judge. With the public’s acceptance of then’ program, the 3 ' rise or fall. 
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Though the author has not undertaken a critical evaluation of the agencies that 
he has discussed, his skilful factual handling of the available data makes this book 
not a directory but a valuable sociological stud3^ 


Rexk J. Dunos: The Badcrial Cell. In Its Relation to Prohlems of Virulenee, 
Ivimumtii and Chcinothcrapy. With an Addendum by C. F. Robinow. Pp. xix + 
Cambridge, Massachusetts, Harvard University Press, 1946, cloth, SB.OO. 

Dv itAX n. LURIE 

Tliis book is a singular and timol}’’ contribution from an expert toward a clari- 
fication and integration of recently' acquired bacteriological knowledge from the 
standpoint of biological science and largelj' from the point of view of biochem- 
istrj'. It docs not intend to present exhaustive data on all the problems involved 
but rather, b}' the citation of striking data widely scattered in the literature, 
to give substance to the essential biochemical, pharmacological and physiological 
properties of bacteria which control their c3dolog3’-, influence their growth, vari- 
abilitj' and plasticit3’', determine the intricate host-parasite relationships which 
result in virulence and communicabilit3’’, fashion the essential stoechiometric 
chemical phenomena which constitute antigen-antibody reactions and enz3Tne 
actmt3’, explain the staining properties of baeteria and their phylogenetic classi- 
fication, throw’ light on the mode of action of antiseptics and give both esoteric 
and practical information on the mode of action of chemotherapeutic agents. 

Tlie book is diwded into 8 chapters. The first deals with the complexity of 
the bacterial cell and stresses the interpretation that the apparent unity of bac- 
teria is largcl3’ determined by their size and by the methods available for their 
stud3', rather than b3’’ their intrinsic biological similarity. It also gives a ten- 
tative phylogeny of bacteria in w'hich tubercle bacilli are classed with streptococci 
and other gram-positive bacteria. In the next chapter, on bacterial cytology, 
the author shows how, by means of ultraviolet radiation and specific color tests, 
chemical definition of morphological entities can be given. He reviews the recent 
data obtained by the electron microscope on the more intimate structure of the 
bacteria, the rigid cell wall, the c3’toplasmic membrane and the inner cytoplasm. 
He describes the tubular structure of the flagella and their mode of function as 
motile organs. The capsular material, both the carboh3’drate of the pneumo- 
coccus and the M protein substance of streptococci, is noted and their importance 
in virulence is stressed. He then takes up the physiochemical behavior of 
bacteria and demonstrates that the mechanism of staining involves an ionic 
axchange. Acid dyes are absorbed on bacteria in acid reaction, whereas basic 
d3’es act better in an allcaline reaction. Gram-negative bacteria have an iso- 
electric point of pH 5 to 6 and hence have an affinity for acid dyes, whereas gram- 
positive bacteria have a more acid isoelectric point, around pH 2, and therefore 
have a greater affinity for basic dyes. The acid-fastness of tubercle bacilli is 
probably due to mycolic acid which is present in a combined form and imparts 
to the cell its tinctorial characters. Hence mechanical disintegration of tubercle 
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bacilli robs them of their acid-fastness, just as autol 3 i;ic enzymes destroy the 
gi'am-positive properties of certain bacteria. He discusses the flagellar and 
somatic antigens of gi'am-negative bacteria and points out Iheh' importance in 
virulence, in colonial form of R or S and the rather novel idea of the stratification 
of the antigen on the bacterial cell. Those antigens situated on the surface of the 
bacterial cell are most important in resistance. Antibodies are globulins, and 
high molecular substances cannot penetrate the surface membrane. He discus- 
ses the role of enzymes obtained from nonspecific sources which can hydrolize 
some of the surface substances, such as the capsule of the pneumococcus and 
become efficient chemotherapeutic agents against the disease. An enlightening 
chapter on bacterial variabilitj’' follows. He points out how, because of the great 
rapidity of multiplication of bacteria, their innate property of ^-ariability without 
concomitant lethal tendencies results in adaptive changes which are temporary 
and determined b}’’ environmental conditions on the one hand, or stable and 
inherited on the other. Natural selection quiclcl}*' eliminates the variants wliich 
are unsuited to a given milieu. Drug fastness is merelj’’ due to the survival of 
the few cells w'hich are innately resistant to the deleterious drug, to which the 
majority succumb. Increase of virulence by animal passage is accomplished bj’’ 
the same larvs of natural selection. One of the most fascinating and biologically 
most important observations is the transformation of rough, nonencapsulated, 
ardrulent pneumococci into an encapsulated high^^ rirulent organism of a given 
type and the isolation in pure form of the transforming substance. The chapter 
on virulence is highlj’- instiaictive. Virulence is not merelj' a propertj' of the 
infecting agent but results from the whole gamut of interactions of the parasite 
and host wdricb determine the pathogenic career of the bacterium. A point which 
is rarely countenanced is that an organism maj' be liigidj' wulent on inoculation * 
into animals and yet haA'e little if anj' capacity to spread in a communitj', that is, 
it has little communicabilitj'. Yet the converse may he true. Also enlightening 
is the discussion on immunization. Wliilc it is true that the antigens situated on 
the surface of the bacterial cell are important, thej' are not the onij' ones effective 
in the process. Rough pneumococci can net as effectii'e immunizing agents. 
It is the chemical composition of the antigen wliich is important in this function. 

The chapter on bacteriostatic and bactericidal agents should be most carefu Ij' 
studied, especially by all those who are engaged in chemotherapeutic reseai c . 
Doctor Dubos shows that antiseptics, like Hg and As, do not act as gener ^ 
protoplasmic poisons bj' theii- capacitj' to precipitate proteins, but ^ 

their affinity for the Sh radicals of bacteria. He cites how organisms a a'^e 
been “killed” by these metals can be “revived” bj' the addition of an exwss 2 . 
Similarlj', bacteria that have been inhibited by acid or basic dyes can e ma^ e 
to grow out again by a mere change in the reaction of the sj'stem. e ac eno 
static action of sulfonamides and similar substances is due to t e com ina ion 
between them and an essential enzyme which acts on a substrate simi ai o 
paramino-benzoic acid with w'hich the sulfonamides share certain pi os e ic 
radicals. Hence an e.\'cess of paramino-benzoic acid will inhibit t e acteno- 
static action of the drug. 
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Enough, if- would seem fo me, has been said to form an idea of the essential 
nature of the book. It is clearly witlcn, thorouglily integrated and highly 
enlightening. Thci-e arc a few typograijhical errors, but outside of this one 
cannot lalce exception to the e.\celIenco of the contribution. There is an ex- 
tended bibliogi-aphy and an axccllent index which still further enhance the value 
of the book. 


Eix.-\n ITolkstiiom: --In j7ivcsligation into a Ycast-Wce Ftmgiis Isolated from 
Patietds Suffering front, or Suspected of, Pulmonary 7'uhcrculosis. Acta Medica 
Scandinavica, Supptementum CXLIV, Uppsala 10/{S, Ahnqvist & Wiksells 
Boktryckcri A.-B., pp. 107, and 22 plates with explanations. 

Bv D.WID T. SMITH 

This investigation was carried out at the Institute of Hj'giene and Bacteriology 
at the University of Upsala. A part of the cost of the study was contributed 
bj' the Swctlish Anti-Tuberculosis League. 

The apparent purpo.so of this study was to reinvestigate the claim of Reensti- 
erna in 1912 that yeast cells gave rise to Koch’s bacillus when grown on gl 3 ’-cerine 
bouillon. lie refci's also to the studies of Gullbcrg, 1933-1935, who isolated a 
yeast-like organism from the simtum of 2 patients with pulmonary tuberculosis. 
Subcultures in glycerine bouillon from single cell cultures of the j’^east gave rise to 
acid-fast rods of Koch’s type. 

The author isolated strains of a s'cast-like organism from patients vdth tuber- 
culo.'is, or suspected of having tuberculosis. In 2 instances the 3’'easts were 
isolated from sputum and in the other 3 from gastric wasliings. The organisms 
fermented glucose, maltose and IcatiIosc, but not galactose and saccharose. 
The 3 ’’ were identified b 3 ’ the author as Monilia pinoyi (Castellani), which has now 
been reduced in s 3 'nonom 3 ' to Candida albicans. After twelve months, on arti- 
ficial media, pure line strains were established b 3 ’- the isolation of a single yeast 
cell for subculture. We can accept the author's evidence that these cultures 
contained no acid-fast organism. These 3 'east cultures had a somewhat reduced 
viioilence for rabbits. Large doses Idlled the animals in ten to fifteen days, 
while smaller doses caused loss of weight and, in some instances, after montlis, 
focal lesions in the e 3 ’-es and brain from which the original yeasts were recovered 
by culture. 

In 5 glycerine bouillon cultures from 3 of the yeast strains originating from - 
single cells, there appeared among the fungus cells acid-fast rods.' Five guinea 
pigs were moculated vith material from 3 of the bouillon cultures containing acid- 
fast rods. Some of the animals developed small, localized abscesses in the groin, 
but disease of the internal organs was not produced in any of the 5 guinea pi^. 

More than 40 rabbits were inoculated intravenously with 3 ’-east cultures grown 
on glycerine bouillon. Acid-fast organisms were not demonstrated in these 
cultures before inoculation. It is not clear whether they were sought for and not 
found, or whether they were inoculated without an examination of the inoculum 
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for ncicl-fnsl rotb. Acid-fnsl rods ^vere found on Bmcars from one or more organs 
in 4 of these rabbits. Both 3 'cn.st cells* and acid-fast organisms were grown from 
the organs of B.5S9. Acid-fast organism alone from R,527. 

The mixed culture of yeast and acid-fast rotls from R.5S9 was inoculated into 
guinea pigs and rabbits. Progressive disease did not develop and acid-fast 
organisms could not. be Isolated. 

The diseased organs of R.52r were inoculated into 2 rabbits and 3 guinea pigs. 
The gtiinca pigs were not infected, but one of the rabbits developed a disease 
resembling tuberculosis. Subinoculations were made in 2 rabbits and 3 guinea 
pigs. Again, the guinea pigs failed to elcvclop dlsca-c, but extensive disease of 
spleen and liver appeared in both rabbits. Tj’pical acid-fast organisms were 
isolated from the organs of both rabbits. Tiicsc cultures of acid-fast organisms 
were highly pathogenic for rabbits but only slight!}* p.athogcnic for guinea pi^. 
The author give.s no conclusion ns to the 131)0 of tubercle bacillus recovered, but 
his inoculation experiments suggest that his rabbit R.527 was infected with an 
axdan bacillus. 

In the entire study, acid-fast rods resembling tubercle bacilli were observ*cd in 
5 glycerine broth cultures made directly from the single cell yc.ast cultures in the 
organs of 5 rabbits inoculated ndth cultures of yeast grown in glycerine broth. 
With the single exception of R.527 all attempts to isolate the acid-fast rods from 
cultures of animal tissue resulted in failure. 

The evidence presented in regard to R.527 is verj* com’incing. The infection 
appeared three to six montlis after the intravenous injection of a glycerine broth 
culture of yeast colls. The gross and microscopic appearance of the lesions were 
consistent with tuberculosis. Pure cultures of acid-fast organisms resembling 
tubercle bacilli were obtained. The disease was passed tlu-ougb two consecutive 
series of rabbits by the inoculation of infected tissue. Pure cultiu-es of tubercle 
bacilli were isolated from both the fn-st and second passage, and cultures were 
highly pathogenic for rabbits, but only slightly psitbogenic for guinea pi^. 

The question whether the tubercle bacillus isolated from R.527 arose by a 
series of mutations from a single cell culture of a yeast-like organism, or was an 
accidental infection in the laboratorj* cannot be settled without more work. 

This monograph contains 107 pages, not counting the illustrations, and a 
bibliography of 134 references, with 22 plates and 95 figures, of which 45 are in 
color. 


Brief Comment 

R. Y. IVEERS AKn B. G. Rigden: Pulmonary Tuberculosis. A Haii^ook for 
Students and Pracliiioncrs. With a Foreword hyF.H. Young. Pp. sai ^ ^S, 
with 124 figures, The Williams & Wilkins Coinpany, Baltimore, 1945, doth, 
S5.00. 

It was the authors’ aim to write “as briefly and as clearly as possible” a fextbook 
“primarily for the student and practitioner.” While they have admirably 
achieved their purpose in the practical climeal portions of the book, in the brief 
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clmplcrs on Bnctcriologj’, Pathologj', and Epideraiologj’- and Resistance, it 
appear that accuracy has, at times, been sacrificed for brevdty and simplicity. 
However, it is more important to emphasize that the clinical chapters arc lucid 
and, according to the plan of the book, free of unessential detail. Even the 
busiest practitioner sliould find time to read the small 250 pages, especially since 
they are interepersed mth intelligently chosen and excellently reproduced full- 
page roentgenograms. If all practitioners could be perauaded to read and digest 
this text, few ciiscs of pulraonarj' tuberculosis would leave their offices without a 
correct diagnosis. 

The relatively long chapter on Collapse Therap}’’ is sound and well balanced 
and is illustrated by *13 roentgenograms, in the selection of which the authors 
have showai excellent judgment. While it may be difficult to find several groups 
of phthisiothcrapists to agree fidl 3 '’ on collapse treatment, there are probabty few 
who would frankly disagree vith the authors’ statements on this subject. 

The vcr 3 * bre\'it 3 ' of this book is nilness to the authors’ mastery of their subject. 
It is warmh' recommended for the groups of readers for wliich it is intended — 
with the hope, as the authora put it, that they ma 3 ’- “be encouraged to pursue 
the matter furtlicr.” 


Ttthcrctilosis in the United States. Graphic Presentation. Volume S. Mortality 
Statistics for Cities of 100,000 or more Population by Age, Sex and Race, 1939-41. 
Prepared by the staff of the Field Sttidies Section of the Tuberculosis Control Divi- 
sion, U. S. Public Health Serviee, under the direction of Carroll E. Palmer, M.D, 
Medical Research Conmittcc, National Tuberculosis Association, 1945, paper. 

The major portions of the Foreword of this j)ublication are quoted: 

“The volumes of this series, Txtbcrculosis in the United States, Graphic Presen- 
tation, are the result of a cooperative undeitaldng b}" the National Tuberculosis 
Association and the U. S. Public Health Service. The basic data were made 
available b 3 ’ the U. S. Bureau of the Census. 

“For each State, and for the several sex and race groups, the first volume in 
this scries presented tuberculosis mortality rates by age, wliile the second volume 
presented proportionate mortalit 3 ’' b}’’ age. These data are basic to a determina- 
tion of the magnitude of the tuberculosis problem in the States. Stales, however, 
are areas which do not ordinarib' encompass homogeneous populations and great 
variet 3 ’- is found within their borders nith respect to man 3 ’- factors. Place of 
residence is an important factor in tuberculosis mortality. During the three- 
year period, 1939-41, rural residents sustained an average annual death rate from 
tuberculosis of 41.0 per 100,000 population, while the mortality rate in the large 
American cities of 100,000 or more population was 55.4, over one-third liigher. 
The relatively high tuberculosis mortality rates of the large cities ma 3 ’' often be 
submerged in the over-all rates of the States in which they arc located and it is, 
therefore, advisable for workers in the field of tuberculosis control to have at 
hand, in as much detail as possible, mortality data for population groupings of 
various sizes. TIxis volume is an attempt to meet a part of the need by present- 
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ing the tuberculosis mortality record for the period 1939-41 for the 92 cities of 
100,000 or more population at the time of the 1940 Census enumeration." 

“The present volume presents two tables and two charts for each of the 92 
cities. The first table presented for each city contains, for the period 1939-41, 
basic data on population, deaths from tuberculosis, and death rates for tuberculo- 
sis (all forms), by age, sex and race. The second table for each city contains, for 
the period 1939-41, the number of deaths from all causes and the percentage of 
those deaths that were due to tuberculosis (all forms) by age, sex and race. 
Specifically, the charts in this volume present for each city: 

6. Tuberculosis mortality, average annual rate by age, sex and race, 
1939-41. 

7. Deaths from tuberculosis as percentages of deaths from all causes by 
age, sex and race, 1939-41. 

“The tables and charts are numbered to follow serially those shown in Volume 
2. The number for each table or chart is followed by a pair of digits identifying 
the State in which the city is located (the first digit selecting the geographic 
division). This is followed by a single digit designating the alphabetical rank of 
the city within the State. 

“In order to facilitate comparisons between cities, the crude rates and ratios, 
for all races were standardized for age and race and the specific sex-race rates and 
ratios were standardized for age. To accomplish this, age-specific rates of a 
given sex-race group for the different cities were applied to a corresponding 
standard population of four broad age groups. The standard population em- 
ployed in adjusting the tuberculosis death rates for each of the sex-race groups 
was the total population of that group residing in the 92 cities in 1940. Stand- 
ardization for proportionate mortality was accomplished in a similar manner, 
using the distribution by age of the deaths from all causes for each se-x-race group 
for 1940. 

“Three bar diagrams ranking the cities according to crude tuberculosis death 
rates for all races, whites and nonwhites are introduced at the beginning of 
this volume. These are followed by three bar diagrams which rank the cities 
according to proportionate mortality (not standardized), and are likevdse shown 
for all races, whites and nonwhites. For the 53 cities with no race breakdown, 
the rates and ratios for all races have been used in the diagrams for whites. 
These may be assumed to approximate closely the rates and ratios of the white 
populations since the proportion of nonwhites in these cities was relatively small. 


Books Received 

L. R. Broster: Endocrine Man. A Study in the Surgery of Sex. With a 
Foreword by Sir Peter Chalmers Mitchell. Pp. xi -t- 144, New York, Grune 
and Stratton, 1945, cloth, $3.50. 

Hugo Dooner: La silicosis pulmonar. Pp. 195, with 23 figures, Empresa 
Editora Zig-Zag, S. A., Santiago de Chile, 1944, fabrikoid. 
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Selskab M. Gunn and Philip S. Platt: Voluntaiy Health Agencies. An 
Interpretive Study. With a Foreword by Louis I. Dublin. Under the 
auspices of the National Health Council. Pp. xvii + 364, The Ronald Press 
Companj’^, New York, 1945, cloth, $3.00. 

Rudolf Hober: Physical Chemistry of Cells and Tissues. With the collabora- 
tion of David I. Hitchcock, J. B. Bateman, David R. Goddard and Wallace 0. 
Fenn. Pp. .viii -}- 676, with 70 illustrations, The Blaldston Company, Phila- 
delphia — Toronto, 1945, fabrikoid, $9.00. 

Joseph W. IMountin, Elliott H. Pennell and Vane M. Hogb: Health 
Ser^^ce Areas. Requirements for General Hospitals and Health Centers. 
Public Health Bulletin No. 292. From the Division of States Relations, 
Bureau of State Services. Prepared by Direction of the Surgeon General. 
United States Government Printing OflSce, Washington, 1945. For sale by 
the Superintendent of Documents, Washington, D. C., 25 cents. 

AIanuel Tapia: Formas Anatomoclfnicas, Diagn6stico y Tratamiento de la 
Tuberculosis Pulmonar. Pp. 503, vith 492 illustrations, Livraria Luso- 
Espanhola, Lda., Rua Nova do Almada, Lisboa, 1945, paper. 

Publicaciones del Centro de Investigaciones Tisiologicas. Volumen VHI. 
Director: Prof. Roque A. Izzo. Pp. 420, Pabellon “Las Provincias,” Hospital 
Tornu, Buenos Aires, 1944, paper. 

Rhode Island State Sanatorium. Forty Eventful Years, 1905-1945. Pp. 84. 
Tercera Reunion Clinica Anual — 1945. Tema: Experiencia sobre tuberculosis. 
Prof, H. Orrego P., Secretario general. Dr. Santiago Raddatz, Prosecretario. 
Ser^dcios de Beneficencia y Asistencia Social, Hospital del Salvador, Director: 
Dr. Rogelio Erazo. Santiago de Chile. Pp. 189, paper. 



AMERICAN TRUDEAU SOCIETY 
Report of the Membership Committee 

Dr. Il/irold G. TrimWe, Chairman 
Dr. David A. Cooper Dr. Carl Z^Iulky 

This is the j-cport of your ]\Iembership Commit tee .‘^incc the Inst annual meeting 
in 191-1. The Membership Committee ha.s been directed upon numerous oc- 
casion.s by the E.vccutive Committee and the Council that its function iras two- 
fold : First, to pass upon the names of doctors apph-ing for mcmbcrslup. Second, 
to activeb' promote membemhip in our Society. The active details of this work 
are carried on by Dr. Cameron St. C. Guild and Mr. L, E, DtsccHo in our New 
York office, and your Membership Committee acts csscntiall}' in an advisor}’’ 
capacity. 

The names of apjjlic.ants for membership arc submitted on our approved forms. 
The essential data arc sent to a member of our Council or Advisory Board in the 
respective area. If the Council or Advisor}' Board member does not know the 
applicant, we request him to ascertain tlirough local sources available to him if 
the applicant will make a desirable member, keeping in mind that w'e are not an 
organization of specialists alone, but that membership is open to all reputable 
ph}’sicians who hav’^c an interest in our work. This method seems to function 
adequately .and to fill our rather simple needs. With regard to activities in 
increasing the membership, you will note that the most productiv'c method has 
been the interest of our present members. ^Ye hav'c attempted to stimulate this 
by simple rcmindei-s from time to time. 

The Eastern Section of the Trude.au Society has a requirement that their 
associate members must become active members in the American Trudeau 
Society within a certain period of time. Tiwough Dr. James C. Walsh, the Secre- 
tary of the Eastern Section, their associ.ate members were informed of this re- 
quirement, and provided with application blanks for the American Trudeau 
Society. When our President, Julius Wilson, attended the first Mexican Con- 
gress of Tuberculosis in hlexico, he had an opportunity to stimulate membership 
from that area. Dr. Guild, while on an official visit to Canada in the fall of 1944, 
had membemhip in mind, and his work vv'as producth^e of good results. Many 
other members bavm made substantial contributions to our work. 

There is usually a marked stimulation of membership applications at the time 
of the Annual Meeting. As there will be no meeting this year (lO-lS), this stimu- 
lus, of course, will be lacking. Your Memberslu’p Committee has tlierrfore 
renewed its effoi’ts in asldng the cooperation of the officers, Council and Advisor}’’ 
Board members to canv^ass the list of our present members in their respective 
areas and advise us of the names of such additional men who wnuld likely be 
interested in our wmrk. We found that the most effective way is to have these 
members of the Council and Advisory Board wnite personal letters themselves. 
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The actual physical labor of this can be done in our New York oflSce. If this 
does not seem feasible, we ask permission to use their names in writing to these 
prospective members. 

The following is the status of our membership as of May 1, 1945: 


Active members 2,143 

P^o^^sionaI members 194 

Total 2,337 



AMERICAN mVDEAU SOCIETY 
Report of the Committee on Undergraduate Medical Education 

Dr. Frank L, Jennings, Chairman 
Dr. Robert G. Bloch Dr. C. Howard Marcy 

Dr. Harold M. Coon Dr. Sidnej^ J. Sliipman 

Dr. Reuben J. Erickson Dr. John H. Skavlem 

During the past year various members of the Committee on Undergraduate 
Medical Education \dsited the following Universities: SjTacuse, Western 
Reserve, Jefferson, Peimsylvania and Temple. In addition, the Universities of 
Oregon, California, Southern California and College of Medical Evangelists were 
contacted by Dr. Shipman. 

-In all the schools it was found that there was a reduction in the teaching staff 
occasioned bj’’ the war. An effort had been made by the remaining staff members 
to caiTy out both clinical and didactic work. 

There had also been an evident reduction in the health survei*^ of the students. 
This seemed to be the result of two conditions: first, the reduced staff, and second, 
the fact that the armed forces have taken such complete charge of the students. 
In only two medical colleges did the Committee find any particular measures 
such as masks and goums used in the prevention of tuberculosis among the 
students. 

The annual survey for tuberculosis by X-ray and tuberculin, as well as special 
precautionary methods against tuberculosis, appear to be projects to which 
future committees should devote considerable time and effort. 

All members of the Committee, excepting Dr. Shipman, met in Philadelphia 
in December. The Committee has been anxious for some time to stimulate 
interest in tuberculosis among medical students. As a result it had invited 
several authors to submit outlines of their ideas for a pamphlet which would 
bring about this result. Two such outlines were reviewed in Philadelphia but 
only one was looked upon vuth favor. This outline presented various aspects of 
tuberculosis by characterization and fact. The Committee asked to have this 
material reproduced so that each individual member and other interested people 
might review it more critically. As yet no definite decision has been made on 
the matter. 

The Committee did consider favorably the sending of reprints from the 
American Review op Tuberculosis to each senior medical student in all of 
the Universities. The consensus was that two or three articles annually could 
be selected which would stimulate the students’ interest in chest diseases. 
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Report of the Sub -Committee on Sanatorium Planning and Construction 

Dr. Hugh B. Campbell, Chairman 
Dr. Robert E. Plunkett *Mr. J. B. Basil 
Dr. R. D. Thompson *Miss Suzanne H. Harrison 

It will be recalled that at the last meeting of the Executive Committee of the 
American Trudeau Society, this Committee reported its inability to secure es- 
sential information on its various problems, chiefly because the first question- 
naire sent to sanatorium superintendents and administrators throughout the 
United States was too long. The busy executives did- not have the necessary 
time to supply the information wanted. 

A meeting of the Committee was held at the Hotel Pennsylvania on November 
20, 1944. In addition to the members, there were also present Dr. Kendall 
■ Emerson and Mrs. Elizabeth Stoltenkamp of the National Tuberculosis Associ- 
ation, Dr. Cameron St. C. Guild, Executive Secretary of the American Trudeau 
Society and, by invitation, Dr. C. M. Sharp, substituting for Dr. Herman 
Hilleboe of the United States Public Health Service and Mr. Marshall Shafer, 
Chief Architect of the Hospital Facilities Section of the United States Public 
Health Service. Since the United States Public Health Service has a construc- 
tion problem, it was felt that a meeting of the representatives of the two organiza- 
tions w'ould be mutually helpful. 

It was immediately decided at this meeting that a short questionnaire, not 
to exceed two pages, would be sent to a group of sanatorium administrators 
throughout the country. It was also agreed that it would be advantageous for 
Mr. Basil to visit a group of sanatoria, not to exceed five or six, that ‘first-hand 
information might be obtained from unrelated sources. A motion w^as voted 
requesting the National Tuberculosis Association to set aside a sufllcient sum of 
money to take care of Mr. Basil’s expense for this investigation. 

It should be evident that the Committee has been and is endeavoring to collect 
information which can be properly correlated, not to the satisfaction of all, but 
that those seeking information or advice on sanatorium construction can have 
a guide which will contain essential hospital needs and space allotment for the 
same. It is further to be recognized that construction needs must be adapted to 
urban and rural locations as well as geographical distributions. 

The two-page questionnaire was distributed. Mr. Basil made his visits and 
a meeting of the Committee was held again at the Hotel Pennsylvania in New 
York on April 30, 1945. At that time, there were present, in addition to the 
members of the Committee, Dr. Kendall Emerson, Managing Director of the 
National Tuberculosis Association; Mrs. Elizabeth Stoltenkamp, Administrative 
Assistant to Dr. Emerson; Dr. Cameron St. C. Guild, Executive Secretary of the 
American Trudeau Society; Dr. Ralph Horton, Chairman, and Dr. Victor F. 

* National Tuberculosis Association Members. 
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Cullen, member, Committee on Sanatorium Standards; Dr, H. Mcl/eod Eig^ns, 
Chairman of the Medical Ad\Tsory Committee on Health Education; and Mr, 
Marshall Shafer, Chief Architect of the Hospital Facilities Section of the United 
States Public Health Service. 

Again it was immediately apparent that there were vddely divergent vievra 
on practically every problem which has to do ndth sanatorium construction and 
maintenance. These differences exist as to whether a sanatorium should be one 
or two stories or multi-storied; with porches or without porches; with light treat- 
ment in groups or individual rooms; food service in dining room or to the patient 
in the bed in all cases; vddth of corridors; proper allocation for out-patient 
department; number of pneumothorax rooms essential; single, two-bed or four- 
bed rooms; distriubtion of beds for males and females; space necessary for accom- 
modation of personnel. These and many other problems have been under dis- 
cussion time and again. All problems will not have been solved to the satisfac- 
tion of all, but we believe we will be able to present a guide which will be helpful 
to those faced with the problem of sanatorium construction. It seems likely 
that this final plan will be available in the near future. 


NOTICE 


United States Public Health Service 

January 17, 1946 i 

Appointments to fill vacancies in the Reserve Corps of the United States 
Public Health Scrvace are now being made, and examinations for Regular Corps 
appointments will be held in April and Ma 5 % Surgeon General Thomas Parran 
announced to-day. 

Plij-sicians, dentists, and nurses are needed immediately for duty in hospitals, 
in the Tuberculosis and Venereal Disease Control programs, and in other activ- 
ities of the Public Health Sendee. 

Pa}' and allowances, established by law, are identical vdth those for medical 
officers of the Army. All travel e.xpenscs, including travel to first station, arc 
paid b}' the Sendee. 

In announcing the recruitment campaign. Dr. Parran stated: “For the physi- 
cian, the dentist, and the nurse, the Public Health Service is unique in the variety 
of opportunities it offers. Not onlj' does the person liave the opportunity for 
outstanding sendee to the nation in the growing field of Public Health, but the 
opportunities for professional growth and development are almost limitless. 
There is clinical work in Public Health Service hospitals throughout the country. 
The importance of medical research is being emphasized to-day more and more 
and in the Public Health Ser\dce research opportunities exist in both laboratory 
and the field. Institutional, public health, and administrative work is offered 
nurses. Vfficthcr a professional person is embarking on liis career, or has already 
elected the field in which he vdshes to specialize, the Public Health Service, I 
sincerel}’’ believe, offers him much that he is seeking.” 

' Appointments to the Reserve Corps are made on a basis of re\dew of data 
furm'shed by the applicant. Physical examination is required. 

Regular Corps appointments require appearance before a Board, and a written 
professional examination. Dates and places for the e-xamination will be an- 
nounced shortly. 

The Service pointed out that a person receiving an appointment in the Reserve 
Corps immediately, may, if he desires, take the examination for the Regular 
Corps at the time they are held. 

liiose interested in either immediate appointment in the Reserve Corps, or 
in taking the examination for the Regular Corps, should request application 
forms of the Surgeon General, U. S. Public Health Service, Washington, D. C., 
Federal Security Agency. 
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NOTICE 

The American College of Physicians 

The American College of Physicians wtII resume its Annual Meetings this year. 
The 1946 meeting will be held in Philadelphia, May 13 to 17, inclusive, with 
headquarters at the Philadelphia Municipal Auditorium, 34th Street below 
Spruce. 

The meeting will be conducted under the Presidency of Dr. Ernest E. Irons, v. 
Chicago, Illinois, and the General Chairmanship of Dr, George Morris Piersol, 
Philadelphia, Pennsylvania. 
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STANDARDIZATION OF PHOTOFLUOROGRAPHIC EQUIPMENT 
RUSSELL H. MORGAN* and WILLARD W. Van ALLEN' 


During the past year, facilities for manufacturing roentgen ograpl)ic equipment, 
designed especially for tuberculosis case-finding, have undergone a considerable 
expansion in the United States. In addition to t he General Electric and We.'ting 
house Corporations vho have been producing small-film equipment for some time, 
the field now includes such companies as Picker, Kcllcy-Koctt, North American 
Philips, and Mattem. All of these companies plan to devote mo^t of their atten- 
tion to the manufacture of 70 mm. photofluorographic apparatus, although the 
General Electric Corporation will continue its line of 4 x 5 inch equipment and the 
Westinghouse Electric Corporation will make available 35 mm. apjjanitus. 

In general, the large number of manufacturers producing m.oss roentgeno- 
graphic equipment represents a desirable situation, for it provides the con.-jumer a 
better opportunitj' to obtain the apparatus which will best satisfy his needs. It 
must be recognized, however, that the situation also pre.^ents a number of prob- 
lems. Earlj’’ in 19-15 when the several X-ray com])anics submitted to the Tuber- 
culosis Control Division plans of the photofluorographic equipment which they 
proposed to manufacture, it became apparent that a wide variety of dcsipis wa,s 
contemplated. Some manufacturers proposed the use of a photofiuorographie 
screen which emits 3 'cllow light; such a screen, of course, requires a film e.sjiecially 
sensitive in the .yellow portion of the .spectrum. Other ni.amifactiirers pla.nned 
the use of a screen which emits blue light and requires a film .‘■cn'jitive to blue 
radiation for optimum results. In .addition to difTerences in the type of screen 
there was also considerable variation of screen size. One m.anufacturv'r jilanned 
a screen 10 inches .square; several others wished to cmplo.v a 15 x 17 inch screen, 
while another considered a screen 1.5 x 10 inche.« oj)timal. Since the ,«ire of the 
screen determines the size of the image on the photofluorographic fihn.antl tlu rr’ny 
the design of the m.n.sking device.*^ in the film m.agazine of lh<' pliot^fluorr-gnophir 
camera, ns well as the viewing equipment with which the films np' int-^iq'nt'-i. 


this variation in screen size, reflected a .>-'imilar vari.ation in the de.jgn of the 
camera and viewing equipment. A'.ariation w.as .nfi-o rr)r)temp).Tt^''l in th'' m< -)»- 
.ani.sm for shifting the X-r.ay tube in equipment providing .’■t'-ren filnr . 

Some m.antif.'icturers jilanned the use of -? inch tube.‘'hift, v.ic'nvi ’I'.jn p re.:,, 
sidored a movement of 2.5 inehe-:. 'J'he [dace nhep-' th.-'' 
observed was in the de«ipr of the X-ray tube .'ind it'' lorhe. * 

cable,':. Although five of the .•■ix X-ray nuim;f.".cttjr‘ r oLtr.in tf,- sr K-r-.y ;-:L- - 
and high-voltage rahlo'.- from common souriTe of^upp’y, rc'h e’pdr ' iv - 
and cables with terminn!*; tinlike tho-'e c-f any ml.'er. rOicr.y. a ‘'-.E- c- 


cahle sold by one cornp.any c.'innot be U'-oil nith the 


U'.T' 


r 1 :■} 


' I'p-iM tljr Srf.ion. 

Itr.iltli \Vr.-hinc!ori, D. C 
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though the tubes and cables of the two companies are almost identical in gross 
appearance and in their electrical characteristics. 

This variation in equipment design presents several obvious disadvantages. 
First, the price of photofluorographic apparatus is made unnecessarily high, 
since the lack of coordination of effort increases manufacturing cost. Second, 
it may frequently cause annoying difficulties in the supply and maintenance of 
an agency’s equipment. For example, if a tuberculosis association or health 
department hastwounitsoneofwhich requires blue-sensitive film and oneofwhich 
requires film of 3 ’'ellow sensitivit}’-, it is probable that one or both units will oc- 
casionallj’" be supplied with the wrong kind of film, unless great care is taken by 
the supply officer. The same problem •null present itself when replacement of 
defective X-ra}-- tubes and cables is necessar 3 ^ 

The problems associated with variation in the design of photofluorographic 
viewing equipment, both single and stereoscopic, are also of some importance. 
It is anticipated that, as mass case-finding programs develop, there will be an 
increasing e.xchange of films betw'een the agencies conducting the surveys and 
the physicians to whom the positive cases are referred. In most instances the 
viewing equipment of the ph 3 ’-sician will not be of the same manufacture as the 
one producing the photofluorograph with which the film is made. Difficulties, 
therefore, w'ill arise wffien the ph 3 'sician attempts to interpret the film, because 
the image size ■will be either too large or too small to be accommodated in the 
viewer at his disposal. The difficulties will be particularly severe when the films 
are stereoscopic, for then the ph 3 'sician not only will e.\'perience difficult 3 ’’ in 
positioning the films properl 5 ’', but also will experience trouble in fusing the two 
images. 

The foregoing problems might be effectively eliminated, or at least greatly 
minimized, if the manufacturers who produce photofluorographic equipment 
adopted certain basic standards of design. In an effort to bring about such 
standardization the Tuberculosis Control Dhision of the U. S. Public Health 
Service requested the National Electric Manufacturers Association, earl 3 '- in June, 
1945, to call a meeting of representatives of the X-ray industry for preliminary 
discussions on the subject. It w'as recommended that consideration be given 
the following problems : 

1: Standardization of the design of X-ray tubes and high-voltage cables. 

S: Standardization of the types of photofluorographic films and screens. 

S: Standardization of the size of photofluorographic screens. 

4: Standardization of the distance the X-ray tube is moTOd in stereoscopy. 

The meeting was held on July 9, 1945, and attended b 3 ' a large number of 
representatives from the X-raj’’ industr}''. All exhibited a sincere desire to 
cooperate in the standardization program as set forth b 3 '' the Tuberculosis 
Control Division. The several problemswere discussed at length and the Radiol- 
og}’- Section of the Division was requested to accumulate reliable quantitative 
data with which the formulation of a set of standards might be facilitated. 
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In the several weeks following the meeting, the Radiology Section undertook 
this study. First, the most suitable type of film for photofluorographic use was 
investigated. After careful testing it was found that the blue-sensitive films 
which are available to-day possess somewhat greater speed than those of yellow- 
sensitivity, but that the latter have a slight advantage in their ability to record 
detail. The film manufacturers, however, are confident that these minor differ- 
ences may be readily equahzed and that technically the two films may be made 
equally satisfactory. From a practical standpoint, however, the yellow-sensitive 
film requires more stringent lighting conditions in the darkroom during processing 
than those necessary when blue-sensitive film is developed. Furthermore, many 
photofluorographic units will be installed in hospitals having darkrooms already 
equipped for the processing of blue-sensitive film (ordinary X-ray film is of the 
blue-sensitive type). Accordingly, the suggestion was made by the Radiology 
Section that the X-ray manufacturers adopt for photofluorography the use of the 
blue-sensitive film and its corresponding blue-emitting fluorescent screen. 

The second problem studied was that concerning the optimal size of the photo- 
fluorographic screen. In this investigation, some three thousand photofluoro- 
grams were studied to determine the limits of variation of chest size among the 
general population. All of the films were made with a photofluorograph having 
a tube-screen distance of 40 inches. In this group of films none was found in 
which the image of the chest on the photofluorographic screen exceeded a maxi- 
mum width of 15 inches from rib margin on the left side to rib margin on the 
right side. There was one individual whose chest image exceeded 14 inches, 
8 persons whose chest image exceeded 13 inches and 27 whose chest image ex- 
ceeded 12 inches. From these results it seemed reasonable to suggest that the 
photofluorographic screen be no wider than 15 inches. With careful centering 
such a screen would include the chests of all persons normallj'- encountered and 
in the great majority of cases would leave some leeway to the technician in 
centering. The length of the screen did not appear to be a critical problem and, 
since most of the manufacturers planned to use a screen 17 inches long, such a 
length was recommended as a standard. 

The image produced by the 15 inch by 17 inch screen occupies a space on 70 
mm. film approximately 2.5 inches wide and 3 inches long. Accordingly, so that 
there might be standardization in regard to the viewing equipment for stereo- 
scopic films, it was suggested that the distance from the centres of successive 
films be 3.25 inches. ' 

In regard to the distance the X-ray tube should move in stereoscopy, Kurtz 
(1) has shown that, for correct depth perception, this distance should be equal 
to the interpupillary distance of the observer dhdded by the magnification of the 
overall photofluorographic system (magnification of the photofluorogram, itself, 
multiplied by the magnification of the stereoscope) . If the distance between the 
X-ray tube and the photofluorographic screen is 40 inches, the distance W’hich 
most of the manufacturers planned to employ, the eyestrain wdiich an obsen^er 
experiences W'hen interpreting stereoscopic films will approach a minimum when 
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the magnification of the overall photofluorographic sj’stem is in unity. There- 
fore, the stereoscopic shift of the X-ray tube should equal the normal inter- 
pupillary distance of 2.5 inches. 

As a result of the foregoing investigations, the following recommendations 
were made to the X-raj’’ manufacturer: 

1: The photofluorographic film should be of the blue-sensitive type. 

2: The photofluorographic screen should be of the blue-enfitting type. 

S: The photofluorographic screen should be 15 x 17 inclies in size. 

4: The distance from the X-ray tube to the photofluorographic screen should be 40 inches. 
5: The X-ray tube sliift for stereoscopy should be 2.5 inches. 

6: The distance between the centres of successive exposures on the 70 mm. film-roll 

should be 3.25 inches. 

Of the six companies producing photofluorographic equipment, five have 
adopted the above recommendations in their entirety. At this writing the 
Westinghouse Corporation has not defined its policy. It is inclined to favor the 
use of a screen 16 x 16 inches and points out that with such a screen it is possible 
to obtain approximatel}' 20 per cent more e.xposures per roll of film than is pos- 
sible with a 15 X 17 inch screen. This advantage, how'ever, is largely counter- 
acted by the fact that the area of the chest image as seen on the film is approxi- 
mately 14 per cent greater w'hen a 15 x 17 inch screen is used than is the case when 
the screen’s size is 16 x 16 inches. 

Decisions regarding the standardization of X-ray tubes and cables have been 
deferred pending further discussion. Contrary to general impression, the 
problems associated with such standardization are extremel}’' complex, invohing 
for a period of years a duplication of manufacturers’ inventories in wmrehouses 
throughout the countrJ^ Nevertheless, a sincere willingness to establish a 
unified design has been expressed bj’’ company engineers, and it is expected that 
much progress will be made during the next few’’ j’-ears. It is possible that before 
long higher kilovoltages than those now emplo5md in photofluorography W'ill be 
used routinely. Such a trend will make mandatorj^ the redesign of present-day 
tubes and cables. The manufacturers have indicated that, w'hen these new 
designs are under discussion, there w'ill be a free interchange of information, 
thereby lajing the foundations for standardization. At the present time the 
Radiology Section is investigating the kilovoltage range at w'hich greatest effi- 
ciency and image clarity occur under photofluorographic conditions. As soon as 
this kilovoltage is determined discussions on new’’ tube and cable designs wall be 
immediately initiated. 

The standardization program as outlined in the foregoing paragraphs doubtless 
will be expanded as time goes on. Some people have urged that it be developed 
to the point where all photofluorographic equipment, regardless of manufacture, 
be essentially identical. They point out that under this condition the several 
X-ray manufacturers could pool their resources to provide greatlj’- improved 
facilities for the servicing of defective equipment in the field. However, such 
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extreme standardization is probably not only impractical but undesirable, for 
it would almost certainly curtail research in photofluorographic design. It will 
be observed that, in the recommendations made by the Tuberculosis Control 
Division in regard to standardization, none of the recommendations ini'olved 
items which bj’’ their standardization would stifle investigation and research in 
the field of mass radiography. Such an attitude will continue to be the policy 
of the Tuberculosis Control Division and, by it, it is felt that the maximum bene- 
fits will be made available to the greatest number of consumers of X-ray 
equipment. 


SUMMARY 

During the past year the availabilit 3 '- of roentgenographic equipment designed 
especially for tuberculosis case-finding has increased markedly. 'Wlicrcas 
previously there had been but two companies producing photofluorographic 
equipment in the United States, there are now six. 

In an effort to bring about standardization in basic design of the -various 
photofluorographic units contemplated bj' the several companies, the Ikibcrculo- 
sis Control Division of the U. S, Public Health Service requested the National 
Electric Manufacturers Association to call a meeting of representatives of the 
X-ray industr}'- for discussions on the subject. As a result of this meeting and of 
subsequent research, it was decided to standardize 70 mm. photofluorographic 
equipment as follows : 

(1) The photofluorographic film should be of the blue-sensitive tj'pe. 

(S) Photofluorographic screen should be of the blue-emitting tj'pc. 

(S) Photofluorographic screen should be 15 x 17 inches in size. 

(4) The distance from the X-ray tube to the photofluorographic screen should 
be 40 inches. 

(5) The X-raj" tube shift for stercoscopj' should be 2.5 inches. 

(G) The distance between the centres of successive exposures on the 70 mm. 
film-roll should be 3.25 inches. 

SUMARIO 

Durante el ano pa^ado ban aumentado docididamenfe las instalaciones 
roentgenogrdfiens destinadas cx-profeso al hallazgo de casos tubcrculo=:o‘j. En 
tanto que antes solo dos companfas produefan aparatos folorrocntgcnogniricos 
en los Estados Unidos, lio.v dfa hay seis. 

Tratando do uniformizar los discfios fundamcntalcs dc lo*; vario^ nijanitoi^ 
fotorrocntgcnogn'ificos pro.vcctados por Las varies conipnfi5.a=, la Divi^-iun de 
Lucha .\nlitubcrculosa del Scrvicio do Sanidad Publica de I'>tado« Unidos 
pidid a la Xsociacidn Nacionnl de Fabricantas do .Ajj-arafos Hidclricos quo ron- 
vocara una rounidn de representantes dc la industria rocntponogninca par.a 
discutir eslc punto. A comsecucncia do e'ta reunidn y dc los estudios .■-mb- 
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siguientes, so decidi6 uniformizar el oquipo fotorroentgenogrdfico do 70 mm en 
esta forma: 

( 1 ) La pelfcula roentgenogrdfica debe ser del tipo azul-sensible. 

(2) La pantalla roentgenogrdfica debe ser del tipo azulH3misor. 

(S) La pantalla fotorroentgenogrdfica debe medir 37.5 x 42.5 cm. 

(4) La distancia del tubo roentgenogrAfico a la pantalla debe ser de un metro. 

(5) La desviacidn del tubo roentgenografico para la esteroscopla debe ser de 
6.25 cm. ;y 

((S) La distancia entre los centres de las exposiciones sucesivas en el roUo de 
pelfculas de 70 mm debe ser de 8.125 cm. 

REFERENCE 

(!) Kurtz, H. F.: Orthostcreoscopj', J. Optic. Soc. America, 1937, £ 7 , 323. 



APICAL LOCALIZATION OF PHTHISIS i 
Its Significance in Treatment by Prolonged Rest in Bed 
WILLIAM DOCK 

No discussion of human tuberculosis and its management is complete or con- 
vincing unless it takes into account the fact that, in its inception and throughout 
much of its course, phthisis in adults is confined to the cepholad third of the lungs. 
Most members of white and many members of yellow racial groups are almost 
immune to tuberculosis except in this region. They pass through primar}’- in- 
fections of the lung, of the upper respiratory tract and cervical nodes, or gut and 
mesenteric nodes "with few or no symptoms in the vast majorit}’’ of instances. 
But within a few months or after some years active lesions appear near the apices. 
Many of these also heal \vithout causing symiptoms or receiving treatment, but 
from the progressive apical lesions come the morbidit}’^ and mortahty which make 
tuberculosis the most serious disease of early adult life. It is a remarkable fact 
that, even after the sputum and gastric Avashings contain bacilli at all times, 
pulmonaiy lesions for years may be limited to the cephalad third of the lungs. 

Explanations of this curious predilection for the apex have been most unsat- 
isfactory. Rich (1), after reviewing them, finds none convincing, and offers none 
of his ovm. Earlier reviews and proponents of theories based on habitus or 
presumed apical hyperventilation (2, 3) have been ignored by most clinicians. 
Those who have most consistently and convincingly urged bed-rest for the treat- 
ment of phthisis seem wholly unconcerned with the apical localization and its 
significance to pathological physiology and therapy. 

The relation of man’s erect posture to apical localization is usually ignored and 
has rarely been stressed. However, recent quantitative data (4) on the pressure 
in the right ventricles of hiunan subjects have made it obAious that the effective 
arterial pressure in the cephalad third of the lungs is almost nil AA’hen an adult is in 
the eredt posture. At such times the apical parts of the lungs have practically 
no pulmonic arterial infloAV, and certainly no formation of tissue fluid or lymph. 
This must be of great significance in resistance to dise.Tse, and justifies a reexam- 
ination of the problem of localization in the adult t 3 'pe of tuberculosis. 

The systolic pressure in the normal man’s right ventricle is 20 to 2.5 mm. Ilg; 
the diastolic is approximatelj’’ zero (4). As the intrathoracic pressure is about 
—5 mm. Hg, this means that the effecthm pulmonic arteri.al pressure is 25 to 30 
systolic, 5 to 7 diastolic, with an aA'crage mean pressure of 15 to IS mm. Hg. 
A column of blood 19 to 23 cm. high e.\crts an equal pressure and, as the apex of 
the lung is 15 to 30 cm. cephalad to the centre of mass of the right A'cntricular 
caA-ity, the pulmonic arterial pressure in the upper 5 cm. of the lung, even in 
sj’-stole, rarelj' can be more than 10 mm. Hg.- In tall, long-chested persoas it Avill 

■From tlio Depnrtmout of Moilicinc, I^nR Island Colipgo of Mcdicinp, Brooklyn, Xcw 
York*. 

-It is now known that di.asloHc pressure in the i)ulmonic artery of man normally is S to 
12 mm. ITr, mean effective pressure in the pulmonic arch 12 to IG mm. llg when recumbent . 
Effective prc.ssure is not related to intrathoracic but to atmospheric pressure, .as the inir.a- 
pulmonic prc.ssure fluctuate.s above and below this level. 
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be close to zero; the mean pressure in the latter group ^^^ll be negative. Since it 
requires nearty 15 mm. Hg pressure to overcome the difference in colloidal osmotic 
pressure between the plasma and the pulraonarjr tissue fluid (5), no tissue fluid 
or Ijnnph vull be produced by filtration in the cephalad parts of the lungs of most 
adults while they are in the erect posture. Also, the flow of arterial blood vail 
fall to zero, or at best to a small fraction of that at the lung bases. As the vessel 
walls are not rigid, the column of blood in tlie veins cannot act as a siphon. 

As a result of the decreased flow, addition of carbon dioxide to and removal of 
oxj’-gen from alveoli in this region vill be minimal, and the alveolar gas tension 
will be more like that in the trachea than elsewhere in the lung, even if ventilation 
is minimal. Tubercle bacilli reaching this tissue will be in an optimal atmosphere 
to support their metabolism. This is probabty not an important factor in apical 
localization, since the gas tension in most of the alveoli, or in highly arterialized 
organs like the kidneys, is quite adequate for luxuriant growth of M. hiberciilosis. 

As long as the subject is sitting or standing, the pulmonary arteries can bring 
few antibodies to the apical region. Even in inflamed tissue vuth increased 
vascular permeabilitj'’, tissue fluid formation depends on adequate intravascular 
pressure. When pulmonary arterial pressure is practicallj’- zero, removal of 
bacterial products by lymph, or dilution by diffusion into the blood will be almost 
nil. Only when the patient is recumbent will these tissues be protected from 
accumulation of toxic substances. Removal of bacteria to the lymph nodes will 
be suspended during most of the waking hours, as vill the replacement of anti- 
bodies and of monocytes from the blood. 

In \dew of these facts, it is not remarkable that active tuberculosis so regularly 
begins in this region, or that it shows a predilection for the tall, long-chested indi- 
vidual and the lively yoimg people who get a minimum of sleep. During their 
six or seven hours of recumbency the defenses of the body come into play and the 
gas tension becomes less favorable for the bacilli; at all other times the bacilli 
lodged near the apices of the lungs are in an ideal emdronment and the protective 
mechanism is fully inhibited, save for local cellular immunit 5 % 

Coumand and his coworkers (4), measuring the right ventricular pressure, 
observed that in patients vdth mitral stenosis, and in cases of left ventricular 
failure, the pulmonaiy arterial pressure rose to 80 or more mm. Hg during systole, 
with a significant rise in the diastolic pressures as well. Under such conditions, 
the blood flow in the apical parts of the lung, even in the erect position, would 
approximate that in other parts and the intravascular pressure would be high 
enough to form tissue fluid and lymph at all tunes. In such cases there is no 
longer the state of affairs which appears to account for the normal predisposition 
to apical and subapical tuberculosis. Pathological and clmical experience has 
everjnvhere proved that in such cardiac patients, in spite of wasting and of 
poor environment, the classical adult tuberculosis at the apices is almost un- 
known (6). 

On the other hand, in cyanotic congenital heart disease there is over\’’entilation 
of the lungs as a result of high arterial carbon dioxide tension and low oxygen 
tension and there is low pulmonary arterial pressure as a result of stenosis of the 
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pulmonary conus. When in the erect posture such patients have the highest 
oxygen tension in the cephalic parts of the lungs, and the lowest pulmonary ar- 
terial pressures cephalad to the heart of any group of people known to physicians. 
In pulmonic stenosis, the incidence of active tuberculosis is as high as 80 per cent 
in some series of adults, and averages about 20 per cent in the reported cases (7), 
This is far higher than in adults with normal circulatory function. 

The statistics on these relationships of pulmonary tuberculosis and heart 
disease have been reviewed by White (6). The incidence of tuberculosis in 
mitral stenosis is reported as less than 4 per thousand cases, and the incidence of 
mitral stenosis in pulmonary tuberculosis at 5 per hundred thousand cases. 
White comments: "In contrast to the rarity of pulmonarj’- tuberculosis in cases 
of pronounced mitral stenosis, it is said to be rather a usual development in con- 
genital stenosis of the pulmonary orifice. In this regard it is of interest that just 
the opposite conditions exist in the pulmonary circulation -with these two lesions: 
in mitral stenosis the pulmonary circulation is engorged and in pulmonary ste- 
nosis it is depleted.” 

Certain other facts deserve comment. In miliary tuberculosis the lesions often 
are considerably larger in the upper than in the basal third of the lungs (1) and 
this is most often noted in patients who were ambulatory in the early part of the 
disease and orthopneic during the final phase. It is less often seen in the ter- 
minal miliary lesions of patients long prostrated by phtliisis. The large apical 
miliary lesions, and apical localization of reinfection, may occur in children over 
7 or 8 years of age (1), but as we have no data on the pulmonic arterial pressure 
in childhood, and none on whether this localization occurs only in children who 
were continuously erect for twelve or more hours a day, it is not possible to say 
whether the same factors operated in these cases as in adults. Since systemic 
arterial pressure is low in childhood, it is possible that the same relation between 
the weight of the column of blood from apex to right ventricle and pressure in the 
right ventricle occurs in some children as in adults, when they are erect. 

"V^^ien tuberculosis does not promptly heal in the primary complex but spreads 
in a rapidly fatal form, it seems safe to assume that the individual (rarely a 
white adult, occasionally a child, often a Negro, American Indian, or South Sea 
Islander) does not develop immunity to the disease. Under these circumstances 
neither apical localization nor rapid gi-owth near the apex is to be expected, since 
the absence of blood flow when erect cannot deprive this tissue of the protection 
which, in the cases previously considered, so effectively prevents or retards 
growth of lesions in the basal two-thirds of the lung. Only -when poor blood flow 
removes protection can apical localization manifest itself, and this apparently 
cannot occur in those vdth minimal resistance and failure to heal the primary 
focus. The fact has long been recognized that apical disease is rare in popula- 
tions into which tuberculosis has been introduced only recently, and that in these 
people the primary lesion progresses rapidly, and spreads through the lung in 
pneumonic forms. 

The higher incidence of right apical lesions as contrasted nith those on the 
left is readily accounted for by the theory given above, and by the anatomy of 
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the pulmonarj’- arterial S3'stem. Blood gushuig from the conus is directed to- 
ward the left apex, it passes through a large short left pulmonary artery which 
breaks into lobar branches within the left lung. Bu t the right pulmonary artery 
is long, narrower than the left, and winds around the aorta. It breaks into lobar 
branches at some distance before reaching the hilum of the right lung. As it 
comes off the main branch at an angle, the blood following its tortuous course 
loses Idnetic energy, and pressure therefore must be somewhat low^er in the 
• cephalad branches of the right pulmonary artery than in the same branch of the 
left. The bloodless zone therefore will extend a centimeter or more caudad on 
the right than on the left, and as the apices are cone-shaped this will add a rel- 
atively large mass of tissue in which the defenses are poor whenever the patient 
is erect. These anatomical relationships are showm in figure 1. 

The indisputable facts, then, are that apical or subapical lesions may occur in 
patients who have and who maintain a high degree of immunity to progressive 
lesions anywhere else in the lungs or bodj’-; that the incidence is higher in those 
with long chests than in those w’ith broad chests, in those with low pulmonic 
arterial pressure than in those with pulmonic hypertension; and that the pulmo- 
nary arterial pressure in those who develop the disease is such that very low 
pulmonic arterial blood flow and no formation of plasma filtrate and lymph can 
occur in the upper third of the lungs w'hile the subject is erect. Long hours of 
activity and few' hours of recumbency may not predispose the basal parts of the 
lungs to tuberculosis of a progressive type, but they do predispose to apical 
activity. Therefore, the lack of rest can only be important in that it ^%’-es the 
bacilli the maximal niunber of hours of optimal growth conditions and the tissues 
the minimal number of hours when the neutralization and dilution of toxic prod- 
ucts, and the supply of antibodies and blood-borne phagocytes, are as adequate 
at the apices as elsewhere in the lungs. 

The great frequency of silicotic lesions at the apex (8) also may be due to the 
fact that dust particles reaching this region w'ill be removed by phagocytes less 
rapidlj', and the injurious substances will be diluted and removed more slowiy 
than in other parts of the lung. Hence scar tissue formation and its attendant 
acceleration of silicotic accumulation will be greatest in the apices, which are so 
nearly bloodless for fourteen to eighteen hours each day. This regional silicosis 
may also favor the development of tuberculosis. 

Even with the earlier occurrence of silicosis and with the lack of protection of 
the apices when the immune subject is erect, healing Avithout any therapy takes 
place in a ver)' high percentage of apical lesions. This may be due either to the 
subject’s taking more rest, or developing a higher level of immumty. The latter 
probably is the case in many instances, since the lesion is subjected to the immune 
mechanism for part of every day. This spontaneoiK; healing of most apical 
lesions, as of nearly all primary lesions, shows how slight is the pathogemcity of 
this organism in most humans w'hose ancestors have been exposed to urban life 
for many generations. TiTien supposedly immune persons develop active lesions 
in the low'er tw'o-thirds of the lung, spontaneous healing is less likely than with 
apical lesions. The mere fact that the lesion developed in the normally pro- 
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tected zone indicates that the entire protective mechanism has been disturbed. 
These are the lesions which progress in spite of adequate bed-rest, diet and 
general care. 



Fig. 1. This diagram is based on a chest 61m of a tall tuberculous patient, on anatomical 
charts (12) and the insert on curves of human intracardiac pressure (4). 

It shows the relation of the column of blood in the pulmonary arteries to the right ventri- 
cle, and C indicates the level above which pulmonary blood how cannot be maintained 
when the subject is erect, since the weight of the blood exceeds mean pulmonary arterial 
pressure. This level is lower on the right because the right pulmonary artery is long, 
tortuous and comes off at an acute angle from the blood-stream in the conus. Since there is 
a considerable fall in pressure between the main vessels and the capillaries, C actually must 
be lower in such tall subjects and lies at about this level in those of less than average height. 
Numerals indicate cm. above centre of right ventricle, and, in the insert, pressure in cm. 
HjO above the intrapleural level. 

If, as seems necessary from the foregoing facts, one assumes a steady accumula- 
tion of tubercle toxins about foci in the well aerated but bloodless apices of 
erect adults, it is obvious that the maximal daily concentration of these injurious 
substances vdll depend on the number of consecutive hours the subject remains 
erect. Half an hour or an hour of recumbency perhaps would lower the toxin 
level to that occurring about similar foci of bacilli in the lower two-thirds of the 






302 


"WILIilAM DOCK - 


, lungs. The highest toxin level occurring each day might therefore be cut in 
half by a midday rest period, and in many people where the balance between re- 
sistance and susceptibDity is so narrow this coxild easily make the difference be- 
tween progress and regression of a lesion. 

This explanation of apical susceptibility is therefore not a matter of academic 
interest. If it is correct, ob\’iously the ideal treatment of the early apical lesion 
is complete recumbency for most of the twenty-four hours. Ulceration or in- 
tense peribronchial inflammation causes an extensive hyperplasia of the bronchial 
arterial sj^stem (9), thus gi%ung the tissues affected a blood supply which no longer 
is significantly reduced by the erect postm'e, since the mean S5’’stemic pressure is 
nearly ten times that in the pulmonary arteries. In areas thus vascularized, 
progress of the lesions may be halted even though the disease is still spreading 
into adjacent normal areas, or at the opposite apex. Only constant recumbency, 
or a very marked rise in pulmonic pressure can restore to the apical third of the 
lung the same level of protection and resistance existing in the rest of the lung of 
the previously infected Occidental adult. Collapse therapy tends to bring the 
apex dovra to the level of the heart and prevents its aeration, so that recumbencj’- 
wiU not be so important for the collapsed area or for one vascularized by the 
bronchial artery. It vitII, however, tend to limit spread into adjacent alveoli. 
With unilateral lesions, recumbencj'- on the affected side should be favored. In 
any case, propping the patient up in bed should be regarded as interference nith 
correct postural management. The tuberculous patient is not at “complete 
bed-rest” if he is allowed to sit up in bed for more than half an hour at a time. 

The value of bed-rest in management of tuberculosis is generally accepted 
(10), as also the value of midday rest in preventing relapses. The value of con- 
finement of afebrile patients to bed for twenty-four hours a day is by no means 
proved. It is quite possible that if the patient were allowed up, when he felt 
strong enough, for ten to thirty minutes four or five times a day, his morale and 
physical strength would be better preserved or more quickly restored. Even if 
this were permitted in the mornings when the afternoon temperatures were el- 
evated, it might do more good than harm. As lesions regressed, the time up 
might be steadily lengthened — thirt}’" minutes out of everj' two hours, one hour 
out of three, eveiy other hour, finally one hour’s rest after lunch and supper, and 
perhaps one hour after lunch or before supper and an average of nine hours at 
night for several years after all activity had ceased. 

So long as bed-rest is only an empirical and nonspecific form of therapy, it is 
difiicult to enforce it on intelligent people who feel well. On the other hand, an 
intelligible and simple physiological explanation of the factors which appear to 
predispose the apices to progressive disease will make cooperation more certain. 

In pulmonic stenosis, recumbency for one out of every four hours might be a 
reasonable proph 3 ']actic measure in adult cases which cannot be corrected by 
surgical procedures (11). To everj' adult with an apical lesion the hazards of 
the erect posture and the value of recumbency should be stressed, 'i et twentj’- 
four hours a daj’ of complete bed-rest, with its attendant discomfort and higher 
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cost of nursing care, may not be superior to many hours of recumbency with 
brief periods out of bod. 

Pratt ( 10 ), I think correctly, emphasizes out-of-door bed-rest as more effective 
than indoor resting. Out-of-doors, patients find reading less pleasant, because 
of wind and glare, and they also are more content to lie quiet.. The wind and 
glare m.akc dozing, sleeping and contemplation more agreeable, and they also 
stimulate the appetite, and perhaps muscular and vascular tone. All of this is 
undoubtedly of value, cspeciall}' before the progress of the disease has been ar- 
rested and healing is clearl3'’ under wa3L ] 3 ut even earlier it may be safe to let 
the patient up and about for a few minutes several times a day, w'hich makes 
alternate periods of bed-rest much more agreeable. In any event, relaxation will 
come more quickl3’' if the bed is in the open and the patient is not propped up on 
pillows. It is being out-of-doors in the daytime that is of value, not being out 
at night, wiien an open uindow is quite as effective. Prolonged bed-rest wiU 
be better borne and can be more widcl3' used if numerous and gradually lengthen- 
ing periods of sitting up or strolling about can be alternated with recumbency. 
A consideration of the pathogenesis of the apical and subapical lesions suggests 
tliat this ma3'’ be sound practice in patients not prostrated by disease. 

STOIRLVIiy 

The juxta-apical pulmonar3’’ localization of tuberculous lesions in adults is 
believed to be explained b3' the low^ level of pulmonary arterial pressure and the 
height of the column of blood from right ventricle to apex wiien adults are erect. 
As a result the apex has little or no blood flow and the normal defense mech- 
anism is inhibited during the w'aking hours. This theory is confirmed by the 
vei3’’ low incidence of pulmonary tuberculosis in mitral stenosis, with its high 
pulmonic arterial pressure, and the very high incidence in congenital pulmonic 
arterial stenosis, with resultant low pulmonic pressures. 

A sequel of this theory is that the recumbent posture brings resistance to tu- 
berculosis in the apical regions to the same level as that elsewhere in the lungs. 
It is apparent that most Occidental adults have massive immunity to active 
tuberculosis except near the apices, and that recumbency should restore the pro- 
tection in this region also. 

It is the erect posture, maintained for many consecutive hours, w'hich has 
given man an “Achilles’ heel” through which the acid-fast arrow may pass. 
Either the pulmonaiy hypertension of mitral stenosis, or complete recumbency, 
corrects the ph3'-siological fault and makes the apical region as resistant as all 
others. 

Restriction to bed is therefore not enough in the management of pulmonary 
tuberculosis. Recumbency, rather than rest in the conventional sense, appears 
to be essential to restore to the upper part of the lungs the resistance to tubercu- 
losis which is so effective in preventing spread into the lower two-thirds of the 
lung. Sitting up in bed therefore reduces the effectiveness of the rest treatment. 
Brief periods of erect posture, which make eating, bathing and elimination more 
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aRrcriiblc, and rcdvico the cost of nurainR cure, probaVily arc far lass injurious 
than beinp; propped up in bed for an hour or more at a time. Such brief periods 
of activity help to maintain morale, ns well as muscular and vasomotor tone, 
and make it possible to continue (lie program of recumbency for the long periods 
of time which experience has proved necessary. 

fiUMAIUO 

La localiracidn yuxta-apexiana de las lasionas tuhcrculosas cn cl pulmdn 
<ic los ndultos, parcce deberso a la liipotensidn arteriopulmonar y a la nltura de 
la cohunna de sangre que va del vcntriculo dcrccho al vi-rticc cuando los adultos 
toman la posicidn erccta. Consccuencia de csto e.s quo la circulacidn cn el 
v 6 rticc cs escasa o mihv y cl mccanismo nonnal de defensa queda inhibido durante 
las horas do vigilia. Confirman csta toorin, la bajtsima incidcncia de la tubercu- 
losis pulmonar cn la cstenosis mitral con au hipcrtcasidn ncumoartcrial, y la 
altlsima on la astenosia arteriopulmonar congenita con su hipotensidn pulmonar. 

Sccuola de asta tcoria as que la i^ostura tendida eleva la rasistcncia a la tubercu- 
losis cn la regidn del v^rticc al mismo nivcl que la de las otras partes do los pul- 
monas. Es aparentc quo la maj'or p.arlc de los occidentals? adultos poseen 
inmunidnd masiva a la tuberculosis activa, salvo corca de los vertices y quo cl 
dccvibito debe rcstableccr tambi(5n la protcccl 6 n cn dicha region. 

La postura erguida mantenida por muchas horas coasocutivas, es la que ha 
dado al hombre cl “tul(5n do Aquilcs” que puede atravesar cl dardo dcido- 
rrasistente. La hipcrlcasi 6 n pulmonar de la estenosis mitral, o la postura com- 
plctamcntc tendida, corrigen la falta fisiolfigiaa 5 ’ dotan a la rcgi 6 n del v(5rttce 
do tanta rcsistcncia como a las domtls del cuerpo. 

No basta puts, con cl cncamamicnto para cl tratamiento de la tuberculosis 
pulmonar. El acostamiento, rafus bicn que cl dcscanso cn el sentido convencional, 
parcce scr cscncial para devolver a la porci 6 n superior do los pulmones la resis- 
tencia a la tuberculosis quo es tan eficaz para prevenir la difusidn a los dos tercios 
infcriorcs del pulm 6 n. La posici 6 n sedente cn cama rebaja la cfcctividad del 
reposo terapdutico, Los breves pcriodos do postura erccta que hacen mds 
agradablcs la comida, cl bafio y la eliminacidn 3 ’ reducon el costo de Ja asistencia 
de enfermcria, rosultan probablomcntc raenos pcrjudicialcs que el sentarse en 
cama apoyado por una hora 0 mds cada vcz, Esos breves pcriodos de actividad 
ayudan a mantenor la moral, as! como la tonicidad muscular y vasomotriz 
y pomiitcn continuar cl plan del acostamiento durante los largos periodos que la 
experioncia ha dcraostrado ser necesarios. 
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PULMONARY FUNCTION TESTS‘-= 

A Discussion of Ventilatory Tests. A Description of a Method for Measuring the Dif- 
fusion of Oxygen and Carbon Dioxide In the Lungs 

GEORGE G. ORNSTEIN. MYRON HERMAN, MARCELLA W. FRIEDiHAN 
AND ERNEST PRIEDLANDER 

« 

Pulmonary function should be judged both by measuring the ventilatory 
capacitj’’ of the lungs and the permeability of the alveolar components of the 
lungs to the diffusion of OKj-^gen and carbon dioxide. A good deal of attention 
has been directed to the ventilatory phase of lung function and too little to the 
diffusion of gases in the lung tissues (alveolar membrane and capillaries). 

Before discussing the above factors in pulmonary dj'-sfunction we nnsh to 
state a series of conditions which may impair pulmonary function. 

1: Intrinsic diseases of the lung due to the effect of the toxemia caused by infection. 

2: Pollution of the general circulation by venous blood flouang through unaerated lung 
tissue. (Early phases of massive collapse of the lung, atelectasis, lung hepatization.) 

3; Both acute and chronic inflammatory changes affecting the lining of the alveoli and 
the lung capillary system. (Impairment of permeability of the alveolar component of - 
the lung.) 

4: Blood changes as in chronic anemia. 

3: Overdistention of the alveoli with tliinning out of the alveolar walls. The capillaries 
are overstretched and constricted. 

G: Congestion of the lung tissues due to cardiac failure (impairment of permeability 
besides marked decrease in ventilatory capacity). 

7: Cellular poisoning as in cyanide poisoning. (Histotoxic anoxia.) 

Thus, we have other factors not associated with ventilation and permeability 
which affect pulmonary function (1, 2, 4 and 7 above). 

Dyspnea and anoxia result when either or both the ventilatory or the lung 
permeabilitj’' functions are disturbed to such an extent that the normal gaseous 
exchanges cannot be accomplished. The term dji^spnea implies difficulty in 
breathing and anoxia, the failure of the tissues to receive an adequate supply of 
oxygen. Wlien dyspnea and anoxia exist in the tme sense of their definitions, 
there is no need of any tests for their recognition. However, earlj’’ departures 
from normal interchanges of gases are difficult to recognize whether due to 
ventilatory or permeability changes. Dyspnea and ano.xia only occur (when 
easily recognized) when both ventilatory and permeability functions are greatly 
disturbed. It is at this stage that oxygen and carbon dio.xide changes in the 
blood are indicative of anoxia. 

Most pulmonary function tests have been ventilatory measurements. The 
diffusion of gases has also been discussed but few methods have been of value. 

» From the New York Medical College and Metropolitan Hospital Research Unit, Dr. 
Thomas H. McGavack, Director, New York, Now York. 

’ This research project was supported by a contribution by Mr. Joe Lowe and Mr. Louis 
Price. , 
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As previously mentioned, a decrease in arterial oxygen saturation below normal 
limits occurs more in the late stages of pulmonary dysfunction. 

Humans at basal conditions are usually comfortable vith just their minute 
resting ventilation. Thus at basal conditions the resting minute volume of air 
diffuses an adequate supply of oxygen to the tissues of the body and equally 
eliminates the excess carbon dioxide. Therefore, pulmonary permeability tests 
concerning diffusion of oxygen and carbon dioxide are of little value under basal 
conditions in early states of pulmonary dysfunction. 

There has been some casual observations concerning poor permeability of 
gases in lungs. Siebeck (1) in 1912 observed that, when cardiac patients were 
made to inspire pure hydrogen, the expired air in the dyspneic, decompensated 
patients contained a higher percentage of the inspired hydrogen than it did in 
compensated cardiac patients or in normal persons used as controls. Peabody 
ct al. (2) found the consumption of oxygen and the production of carbon dioxide 
greater in the compensated cardiac patient and the consumption of oxygen less 
and the production of carbon dio.xide less in the decompensated cardiac patient. 
Peabody’s group made the above observations in a study of the basal metabolism 
and the minute volume of respiration of patients with cardiac disease. 

' Thus from the above discussion pulmonary function is to be judged by three 
distinct factors. 

1: Ventilatory capacity. 

8: Diffusion of oxygen and carbon dio.xide, in the alveolar component of the lung. (Per- 
meability.) 

3: Extraneous factors. 

a. Pollution of general circulation. 

b. Toxemia. 

c. Red cell changes in the blood (anemia). 

d. Changes in the hemoglobin (carbon monoxide poisoning). ■ 

e. Histotoxic anoxia. 

In this discussion the extraneous factors may be dismissed for they are easily 
recognized and we therefore will discuss the ventilatory and diffusion factors. 

VENTILATORY TESTS 

(I) The simplest ventilatory test is the measuring of the vital capacity® by 
means of a spirometer and comparing the results obtained vdth the calculated 
vital capacity^* from charts based on the standing height standard, the surface 
area standard and the weight standard. 

Khovdng the actual vital capacity and the calculated normal vital capacity, 
the maximum minute ventilation of the subject on maximum effort may be pre- 
dicted. Sturgis et al. (3) have studied the actual minute ventilation in a group 
of 12 young normal men. They found that these young normal men had a maxi- 

’ The actual vital capacity will bo indicated by A.V.C. 

* The calculated normal vital capacity per standard height, standard weight and sex will 
1)0 indicated by C.N.V.C. 
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mum minute ventilation of twelve times the resting minute ventilation when 
they rode a stationaiy bicycle until they were forced to stop because of complete 
exhaustion. During the last one and a half minutes of the ride when the exercise 
was most violent and the dyspnea great, the average minute ventilation of air 
they breathed was 60.5 liters or about twelve times the amount of air thej^ 
breathed when they were lying dowm and at complete rest. Sturgis and his 
group also noted, when the maximum minute ventilation was i-educed to six 
times the resting minute ventilation, the 12 young men could walk on level 
ground mthout any dyspnea. With this reduction in the minute ventilation, 
any effort of exertion, such as climbing stau-s, induced s5Tnptoms of dyspnea. 
The dyspnea further increased as the maximum minute ventilation was de- 
creased. Sturgis et al. worked out a formula to predict the maximum minute 
ventilation which was sufficiently close to the actual results obtained in their 
experiments. The formula is as follows; 

Actual vital capacity X 35 _ Predicted ma.xunum minute ventilation at maximmn 
3 ~ e.vertion 

In the above formula 35 represents the average respiratory rate during the 
last one and a half minutes of violent exercise. The numeral 3, the denominator, 
represents the depth of inspiration as being one-third of the wtal capacity 
through this last one and a half minutes of violent e.xercise. 

Kaltreider and McCann (4) confirmed the above obseivations of Sturgis and 
his cowprkers. The former investigators present a formula which they state 
is closer to the actual maximum minute ventilation. The Kaltreider and McCann 
formula is as follows: 

41 X actual vital capacity X 37 _ Predicted ma-ximum minute ventilation at maxi- 
100 ~ mum exertion 

t 

Omstein and Epstein (5) worked out a formula utilizing the actual vital 
capacity and calculated normal xdtal capacity of the subject based on the in- 
vestigation of Sturgis et al. and Kaltreider and McCann, which also predicted 
the maximum minute ventilation on maximum exertion. Ornstein and Epstein 
assumed that the average normal person’s maximum minute ventilation on 
maximum exertion was ten times the resting minute ventilation. The formula 
is as follows: 

Ma.ximum minute ventilation on ma.ximum exertion based on actual vital 
capacity : X: : Maximum minute ventilation on maximum e.\-ertion based on 
calculated normal vital capacity : 10 

X equals the number of times the maximum minute ventilation on maximum 
effort is greater than the resting minute ventilation. The formula may be re- 
duced simply to: 

The number of times the ma.ximum 
Actual vital capacity X 10 _ minute ventilation on maximum exer- 

Calculated normal vital capacity iron is ^eater than the resting minute 

ventilation 
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Using the above formula, Ornstein and Epstein found they could predict the 
sjnnptoms of dyspnea in 392 patients examined. They found that when the 
predicted maximum minute ventilation on maximum exertion was no lower than 
six times the resting minute ventilation there were no symptoms of dyspnea, 
except when there was exertion comparable to the climbing of stairs. They also 
noted that, below the above level, symptoms of dyspnea increased proportionally. 

(2) Maximum breathing capacity is another means of measuring ventilatory 
capacitjL This method of estimating lung ventilation was presented by Her- 
mannsen (6). The subject, connected to a spirometer, was allowed to breathe 
normally for a few minutes to become adjusted to the new condition of breathing 
and then was made to breathe at maximum capacity as deeply and rapidly as 
possible for thirty seconds. The maximum breathing capacity was recorded on 
a moAung drum. 

We did not record the maximum breathing capacity by using a moving drum. 
We used a Tissot spirometer. A Douglas bag could also be used and the gas 
accumulated measured through a gasometer. We used the standards set up 
by Coumand, Richards and Darling (7) for our normal measurements. They 
gave as the mean values for males 154 liters per minute; for females 100 liters 
per minute. 

Coumand and Richards utilized the maximum breathing capacity and sub- 
tracted from this value the resting minute ventilation, thus arriving at a factor 
which they call the breathing reserve. This latter figure is multiplied by 100 
and divided b}’’ the ma.\imum breatliing capacitjL The result is labelled the 
percentage of the breathing reserve. An example of this is as follows: 

Breathing reserve (145) ^ _ 96.6 per cent (Percentage breathing 

Maximum breathing capacity (150) reserve) 

The above authors state that the threshold of dyspnea is reached when the 
percentage breathing reserve ranged from 60 to 70 per cent. 

In another investigation they could determine from the percentage breathing 
reserve of the patient at rest how the individual AA'OuId react to exercise, as far 
as dyspnea was concerned. The following are their conclusions: 

Above 93 per cent breathing reserve, no dyspnea. 

Between 92 and 87 per cent, half of the persons were not dyspneic. The re- 
maining half of the cases were dyspneic for less than two minutes after 
exercise. 

Between 75 and 85 per cent, all were dyspneic up to two minutes. 

Between 85 and 81 per cent, the subjects were either mildly or severely dysp- 
neic. 

Below 80 per cent, the dyspnea after e.xercise lasts at least two minutes. 

We were impressed vith the completeness of information Avhich could be 
gleaned by simply dividing the resting minute ventilation into the maximum 
breathing capacity. The result is the actual number of times an individual 
could ventilate above that of his resting minute ventilation. This Ave have 



310 


ORNSTEIN, HERAIAN, FRIEDMAN AND FRIEDLANDER 


called the “Ventilatory Reserve.” The nonnals are 20 and' 13 in males and 
females, respect! vel}’-, and were obtained in the following manner: 

The average resting minute ventilation was found to be 7,500 cc. 

The average maximum breathing capacity (as determined by Coumand, 
Richards and Darling) was set at 154 liters for males and 100 liters for 
females. 


Males 154,000 cc . 
7,500 cc. 

Females 100,000 cc. 
7,500 cc. 


= 20 


= 13 


It can be seen that the “Ventilatory Reserve” test is of extreme value since 
it is based on both the actual resting minute ventilation as well as the actual 
maximum breathing capacity. Variation in either one of these figures affects 
the end results. 

The value of the “Ventilatory Reserv^e” test is best illustrated in the following 
patient Avith a far advanced bilateral pulmonary silicosis (figure 2). His A.V.C. 
was 1,900 cc, and C.N.V.C. was 3,700 cc. His predicted maximum minute 
ventilation per maximum exertion (Omstein and Epstein) w-as 5.1 times his 
resting minute ventilation which indicated quite a decrease in pulmonary ven- 
tilation. The resting minute ventilation w’as 8,000 cc. and his maximum breath- 
ing capacity w^as 18,150 cc., which indicated a marked decrease in ma.ximum 
breathing capacity (normal male 150,000 cc.). Cournand and Richards’ 
modification of the maximum breathing capacity test w'as as foUow'^s: 


18,150 - 8,000 
18,150 


X 100 = 55 per cent of Breathing reserve 


The authors' modification test: 

Maximum minute breathing capacity 
Resting minute ventilation 


Reserve of ventilation 
minute ventilation 
(Normal male 20) 
(Normal female 13) 


times the resting 


= 2.02 Reserve ventilation (normal 20) 

8,000 

All the ventilatory tests in the above case indicated a diminution in ventilatory 
capacity but the ventilatoiy reserve as measured by dividing the ma,ximum 
minute breathing capacity by the resting minute ventilation w'as the most ac- 
curate. This patient gave ewdence of dj^spnea on the least exertion, though at 
basal conditions he could sleep in bed without a pillow. 

The predicted maximum ventilation on maximum exertion (Omstein and 
Epstein) and the Coumand and Richards modification of the maximum minute 
breathing capacity did not infer the marked d3^spnea on exertion that existed. 
The authors believe the ventilatory reserve test based on dividing the resting 
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minute ventilation into the maximum minute breathing capacity was the best 
of the ventilatory tests because of its more accurate prediction. 

ruuMOXAnv diffusion’ of oxygen and cxadbon dioxide 

It lin.s been shown above that., wlicn the ventilatoiy function of the lung is 
rc<luccd below CO per cent of the calculated normal vital capacitj’, dyspnea ap- 
pe^irs on exertion. The dysjmca increases directly in proportion to further 
decre.ascs in vital cnjjacity. TIic autliors h.ave demonstrated this d3’spDea in 
normal males b\' reducing the expansion of the thorax and tlic movements of the 
diaphragm.^ In’ means of a canvas jacket (table 3 ). 

We nun’ conclude from tlie above tliat decreases in vital capacit}' affects 
pulmonarx’ function. We noted the dx-spnea varied in different patients xnth 
inilmonniy di.'^ca.'^e witli the same reduced vital capacities. IVe also noted 
sx’mptoms of dyspnea on exertien in patients with pulmcnaij’ disease nho had a 
suflicirnt vcntiintoij’ functicn of the lungs. We therefore concluded that the 
ventilatoiy effect was only one phase of pulmcnaiy function and that in the.se 
ease.': the moic important questien was what liappencd to the ox3'gen once it 
reached the alveoli of the lungs. 

The present tests for measuring the efficiency' of alveolar permeabilit3' to 
oxygen and carbon dioxide arc not sensitive enough to recognize changes except 
in the late stages of pulmonars’ d3’sfiinction. Thus, the study of rcspiratoiy' 
gases in arterial blood and the slud3' of ox3'gen consumption and carbon dioxide 
elimination per liter of ventilation at basal conditions are not delicate enough 
to indicate early changes of lung permeability. 

It occurred to the authors that normal subjects liax'ing good lungs should 
interchange oxygen and carbon dioxide more freely when connected vith a 
rebreathing bag containing a known amount of o.xy'gen and carbon dio.xide, 
than another group of subjects having impaired lungs. 

We planned a method of breathing in a rebreathing bag after the original 
method of Plcsch ( 9 ) which he used in determining venous carbon dioxide. A 
rubber rebreathing bag was fitted to a three-wa3' glass valve. The rubber 
mouth piece was attached to a tube xvhich communicated xnth the room atmos- 
phere. A turn of the threc-XYa3' cock connected the tube with the rebreathing 
bag. There arc two tubes opening into the tube leading to the rebreathing bag 
for the removal of gas samples. (See figure 1 .) 

The subject was made to rest for thh-t3' minutes in a sitting position. The 
rebreathing bag was filled with 1,000 cc. of room air. The rebreathing bag was 
then attached to the subject by means of a rubber mouth piece. The nose w'as 
blocked b3' means of a nasal clip. The subject xvas allow'cd to breathe the room 
air through the open tube for a minute and the three-wa3' cock w-as turned to 
connect the subject with the rebreathing bag. The cock was then turned at the 
end of an exhalation. After twenty seconds of breathing (the gases in the lungs 
then are presiimabhj in equilibrium with the gases in the rebreathing bag) the 
cock W'as again turned to close off the rebreathing bag and connect the respira- 
tory tract to the atmospheric air in the room. 
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The gases in the rebreathing bag were then withdraira into gas sampling tubes 
after the small sampling connection was washed irith the respired air. The 
gases in the sampling tubes ivere then analyzed for oxygen and carbon dioxide 
by means of a Haldane-Boothby-Sandiford gas analj’-zer. 

At basal conditions we found so little variation in the oxygen and carbon diox- 
ide percentages between subjects vith apparently normal and abnormal lungs 
that we concluded the above test, under basal conditions, was of no value. 
Patients with just a little more reserv^e than their resting minute ventilation are 
able to supply an adequate amount of oxygen to their tissues and do not have 
symptoms of dyspnea and anoxia. Such sj'^raptoms only develop when the 
demand for oxygen is greater than their reserv'^e. We therefore decided to change 
from basal conditions and to repeat the same rebreathing test after a "standard 
exercise.” The "standard exercise” was the universal one in which the subject 



PiQ. 1. A rubber rebreathing bag is fitted to one arm of a three-way glass tube. A rub- 
ber mouthpiece is attached to another arm. There are two connections leading from the 
rebreathing bag from which samples of gas can be removed. 


walks up and down a foot stool, 20 cm. high, thirty times in one minute. The 
above exercise produces a demand for o:^'gen far in excess of the normal need 
under basal conditions. 

With the introduction of the standard exercise the rebreathing tests showed 
distinct differences between the normal and impaired lung. The rebreathing 
test was carried out exactly the same as the test under basal conditions, de- 
scribed above. But, while breathing room air the subject was made to walk up 
and down a foot stool, 20 cm. high, thirty times a minute. In a few cases the 
subjects were not able to walk the stairs more than twenty-six to twenty-seven 
times and we considered that acceptable. At the end of the exercise period the 
subject was seated and the three-way cock turned at the end of an exhalation 
and connected vdth the rebreathing bag for twenty seconds of rebreatliing. 
The air in the bag was then withdraum into gas sampling tubes, after the small 
sampling connection was washed Avith the respired air and the gas was analyzed. 



rUI.MONAIlV FUNCTION' TESTS 


313 


In a pronp of 23 males considered to have nomal lungs, the average anal 3 ’^sis 
of gases in the rebreathing bag, following the standard exercise described above, 
revealed the following changes from the room air previouslj' present in the re- 
breathing bag: The mean ox 3 'gcn volume percentage was 7.95 per cent instead of 
20.9 per cent. The carbon dioxide volume rose to 8.09 per cent from 0.03 per 
cent. Table 1 reveals the details of the gas analysis in the 23 normal males. 

A noi-mal male will diffuse about 12.95 volume per cent of 0 X 3 'gen from a re- 
breathing bag containing room air in a period of twenty seconds after a minute 

TABLE 1 


Xormal 7iialcs 


CAStS 

ACE 

ACTUAL NTTaL 
CAPACITV 

VOLUltE PERCEKl 
REDEEATniNC BA 
EXE 

Oj 

CAGES OF GASES IK 

C AFTER STANDARD 
RUSE 

COj 

1. F. W 

32 

79% 

9.50 

8.12 

2. IV. F 

24 

100% 

9.48 

7.24 

3. W. W j 

47 

75% 

9.13 

7,12 

4. W. H 1 

50 

96% 

9.07 

8.28 

5. AV. P 

24 

107% 

8. 85 

7.77 

6. G. 0 

52 

79% 

8.84 

7.90 

7. B. Z 

23 

110% 

8.29 

8.24 

S. J. AV 

27 

8S% 

8.14 

8.62 

0. C. B 

27 

113% 

8. 08 

8.36 

10. P. A 

37 

; 79% 

8.02 

7.64 

11. J. M 

23 

80% 

7.98 

! 8.30 

12. D. S 

25 

122% 

7.89 

' 7.67 

13, AV. S 

23 

105% 

7.86 

8.70 

14. K 

59 

89% 

7.81 

7.77 

15. D. G 

23 

102% 

7.80 

7.74 

16. T. P 

24 

100% 

7.66 

8.63 

17. B. AV 

25 

110% 

7.14' 

7.96 

IS. E. F 

3S 

94% 

7.08 

8.62 

19. F. P 

36 

78% 

6.95 

8.52 

20. A. G 

36 

91% 

6.87 

8.63 

21. P. U 

26 

8S% 

6. 86 

7.86 

22. F. S 

2S 

112% 

6.84 

8.15 

23. B. H 

25 

100% 

6.79 

8.17 


Average 0* = 7.95% — Standard Deviation = ±.851. 

Average COi = 8.09% — Standard Deviation = ±.436. 


of “standard exercise.” The authors intend to use the volume percentage of the 
ox 5 '’gen found in the rebreathing bag, after the exercise as the result of the test. 
The mean normal in the male will be: ox 3 '^gen 7.95 volume per cent, carbon diox- 
ide 8.09 volume per cent and nitrogen 83.96 volume per cent. An 3 ’- increase in 
ox 3 ’’gen volume percentage will be considered to deviate from the normal diffu- 
sion of oxygen, though in obtaining our normal volume percentage, the highest 
was 9.50 per cent and the lowest was 6.79 per cent. The highest volume per- 
centage of carbon dioxide was 8.70 per cent and the lov'est was 7.12 per cent. 
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In 25 sirnilar normal females (table 2) the average mean percentage of gases 
in the rebreatliing bag after standard exercise ivas: oxj’-gen 8.30 volume per cent, 
carbon dioxide 7.70 volume per cent and nitrogen 84.00 volume per cent. The 
average female diffused 12.6 per cent oxi'^gen in the tvent}'' seconds of rebreath- 
ing, compared to 12.95 volume per cent in the male. The volume percentage of 
oxj’-gen and carbon dioxide can be seen in table 2. 

TABLE 2 


Normal females 


CASES 

ACE 

ACTUAL VITAL 
CAPACITY 

VOLtnfE PERCENl 
REBREATHIKC BA 
EXE 

0. 

fAGES OF GASES IN 

G AFTER STANPAHD 
RaSE 

COj 

1. B. B 

19 

93% 

9.70 

6.79 

2. D. D 

23 

100% 

9.50 

7.70 

3. M. K 

24 

106% 

9.07 

6.93 

4. M. P 

IS 

100% 

9.02 

7.79 

5. P. F 

17 

106% 

8.97 

8.36 

6. G. L 

22 

107% 

8.90 

7.46 

7. D. G 

20 

110% 

8.78 

7.90 

8. M. D 

IS 

8S% 

8.66 

7.82 

9. M. L 

25 

104% 

8.63 

6.76 

10. E. B 

20 

111% 

8.42 

8.06 

11. J. M 

18 

120% 

8.36 

8.03 

12. E, L 

21 

100% 

8.23 

7.42 

13. G. G 

IS 

96% 

8.19 

7.63 

14. M. F 

31 

94% 

8.12 

7.18 

15. J. A 

20 

110% 

8.12 

7.61 

16. G. F 

19 

S5% 

S.OS 

7.38 

17. S. R 

IS 

100% 

8.07 

7.24 

18. F. L 

43 

Sl% 

8.03 

7.68 

19. P. J 

17 

93% 

8.02 

7.47 

20. G. V 

23 

103% 

7.90 

7.90 

21. M. P 

25 

120% 

7.84 

8.31 

22. E. C 

42 

91% 

7.78 

8.63 

23. M. G 

20 

103% 

7.40 

7.62 

24. R. K 

21 

72% 

6.91 

8.26 

25. M. C 

22 

100% 

6.81 

8.51 


Average O* = 8.30% — Standard Deviation =± .714. 
Average CO- = 7.70% — Standard Deviation =± .497. 


It is interesting to note that, as the oxygen is absorbed from the rebreatliing 
bag, it is replaced bj*^ both carbon dioxide and nitrogen. It ivas surprising to 
the authors to note the more rapid diffusion of nitrogen than was expected of a 
neutral gas. 

WTiether the above percentages of gases are dependent entirely on permeabil- 
ity of the alveolar capillary tissues of the lung or are also directly a result of 
pulmonary circulation and heart stroke will be discussed later. The test was 
limited to twenty seconds so that no blood which has been aerated in thelungs 
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■n-ill again return to the pulnionar 3 ^ circulation. (Henderson and Prince (10), 
Best and Ta 3 dor (11).) 

The authors believed that, if the circulation pla 3 red an important role in the 
changes of the diffusion of o.xygen in the lung, it -would be found out b 3 ^ arti- 
ficialB-- modif 3 dng the ventilation of the lung b 3 ’- hampering the excursion of the 
thorax and movements of the diaphragm. The decrease in the ventilatory 
mechanism would modify greatly the filling of the right auricle and ventricle 
wdth venous blood. 

Eight normal males had their thoraces and abdomens strapped by means of a 
hea-\' 3 ’- canvas jacket so that the thoracic expansions and diaphragmatic excur- 

TABLE 3 


Rehrcathing bag test with standard exercise before and after restriction of vital capacity 


CASES 

KORMAL VITAL CAPACnY 

VOLtJUE PERCENTAGES 
IN REBREATHING BAG 
AFTER STANDARD 
EXERCISE 

REDUCED VITAL 
CAPAaTY 

VOLUME PERCENTAGES 
IN REBREATHING BAG 
AFTER STANDARD 
EXERCISE 

Oi 

COi 

Oj 

COj 


A.V.C. 3.S .... 



1.9 



1. G. 0 

„--7 - 79% 

8.84 

7.90 

77:40% 

8.54 

7.83 

1 

C.N.V.C. 4.8 



4.8 



i 

A.V.C. 4.1 



2.1 



2. E. F 

C.N.V.C.4.4 

8.62 

7.08 

174 

8.35 

7.31 


A.V.C. 4.8 



2-3 



3. W. P 

C.N.V.C.4.5^‘^^^^ 

8.41 

7.62 

4.5 

8.47 

7.87 


A.V.C. 4.0 



1-9 



4. P. R 


6.86 

7.86 

77 41% 

7.66 

1 7.83 


C.N.V.C. 4.6 



4.6 




A.V.C. 5.3 



' 2.1 ^ 


i 

6. P. S 

^ ^ „ 108% 

6.96 

8.29 

7743 % 

7.96 

8.10 


C.N.l^C. 4.9 



4.9 



6. C. M 

A.V.C. 3.2 
^ T 70% 

9.42 

7.72 

^26% 

9.08 

7.54 


C.N.V.C. 4.6 



4.6 



7. R. L 

A.V.C. 5.1 
104% 

8.59 

8.03 

^39% 

9.14 

7.65 


C.N.3^C. 4.9 



4.9 



8. S. S 

102% 

7.80 

8.13 

4^41% 

8.30 

7.60 


C.N.V.C. 4.4 



4.4 




sions were limited in their movements (table 3). Before the canvas jacket was 
applied the A.V.C. was measured and the volume percentage noted compared 
to the C.N.V.C. A rebreiffching test for twenty seconds after the standard exer- 
cise was done and the results noted. The subject was then put into the canvas 
jacket and strapped until the A.V.C. was reduced a considerable percentage. 
The same rebreathing test was then done and the results noted and compared to 
the findings before the vital capacit 3 ’' was reduced. 

The vital capacity was reduced in S normal males from 50 per cent to 26 per 
cent of the C.N.A^.C. In all the 8, dyspnea was present on the least exertion 
and was proportional to the extent of the reduction in ventilatoi^'- function. 

In spite of the reduction of ^dtal capacity the diffusion of gases was not mate- 
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rially changed (table 3). In the subject where the ^’ital capacity had been re- 
duced from 70 to 25 per cent of the C.N.V.C. the oxygen was 9.42 per cent in 
the rebreathing bag after the standard exercise and 9.08 per cent after the vital 
capacitj’- was reduced domi to 25 per cent of the C.N.V.C. Thus, in a group 
of 8 males in whom the excursion of the thoracic wall and the diaphragms were 
definitely restricted enough to modif}’- the inflow of venous blood to the right 
heart there were no significant changes in the volume percentage of oxy^gen and 
carbon dio.xide in the rebreathing bag after standard exercise. 

There is another factor that should be discussed at this time. Physiologists 
have looked upon the ventilation of limgs as comparable to the opening of a 
fan; some areas are more distended than others. The fully ventilated lung 
aerates the pulmonary arterial blood fully, whereas lung tissue not fuUy ven- 
tilated is oxygenated to a lesser extent. We vdsh to quote MacLeod (12). 
“It is important to remember that all portions of the lung do not open up equally 
on inspiration. 'When the tidal air is normal in volume this is of little conse- 
quence, but when it is reduced as in shalloiv breathing, the only alveoli which 
will be adequately ventilated ivill be those of the more e.xpansile re^ons. The 
results of the shallow breathing will of course be that the blood leaving the w'ell 
ventilated portions will be saturated with oxygen and have a relatively low car- 
bon dioxide tension, whereas that from ill ventilated portions A^ill be unsaturated 
with oxygen and overloaded with carbon dioxide.” The experience with the 8 
subjects previously cited does not bear out the above. There can be quite a 
disturbance of ventilation in a normal lung without material changes in oxy’gen 
and carbon dioxide diffusion taking place. The above experience also bears 
out our clinical impression that some patients with diminished ventilatory func- 
- tion may diffuse gases wthin the normal range and show' less symptoms of 
dyspnea than other patients with the same diminished ventilatory changes, 
but who also have lungs less permeable to diffusion of oxygen. 

Having established normal findings we then turned our attention to patients 
with impaired lungs. 


PATIENTS TVITH IMPAIRED LUNGS 

Case JS. S., a white male of 39 years, has a far advanced bilateral pulmonary silicosis (fig- 
ure 2). His A.V.C. was 1,700 cc. and his C.N.V.C. was 3,700 co. His A.V.C. was 45 
per cent of his C.N.V.C. The patient was dyspneic at the least e.\ertion. 

A rebreathing bag test after the standard e.xerciae vras done. The analysis of the 
gases in the rebreathing bag was as follows: oxj'gen 11.8 volume per cent; carbon dioxide 
6.92 volume per cent. H. S. utilized less oxygen than the normal control subjects and 
less carbon dioxide was found in the rebreathing bag than in normal control subjects. 
The rebreatliing bag test was repeated a number of times with-the oxj'gen and carbon 
dioride volume per cent showing only minimal TOiiations (table 4). H. S. showed less 
capability of the lungs to diffuse oxj'gen and carbon dioxide. Compared to the normal 
control male cases, the oxygen volume per cent and oxygen pressure were much higher, 
namely ll.S volume per cent and 84.13 mm. Hg. pressure. In the average normal male 
the mean oxygen volume per cent is 7.95 and the pressure in mm. of Hg. 55,8. The dif- 
ference in oxj'gen pressure between H. S. and the normal male gives a more graphic con- 
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()1 Uio :<l)ility of tlio luim-; (o oxynon <lilTnsion lluiii dops tlio dineipiice in volume 


TAHIJ-: 1 


I'at-c 11 

A.Y.r. 


I 


. .S'.- :?!> yi'ni-;; I'ar .'.ilicosis of hincs (limire 2) 

\,7U0 cr., 2,70(1 rr. A.V.C. 1.") par enU of ('.X.V.C. 


■Mvcolar .\ir 
(7; 12 20' , 

O; 12 SO''; 

(); 12 ('.2', 


('(); 0.22''; 
('O; O.l.S' ,' 
CO.. 0.07', 


ll'dircatliiu): To.<( — Imsal onmlitioii'! (hivty-fivp socomls 
0.12 20', CO; 0.1.7'; 


1-10-21 lli'bri'ailiinc Iia>;— .standanl cwrri.so 

OjllsO', CO; 7.. 72' ,' 

.7-21-11 Oouclas llav— one minute hreathinn 

M Knt A/tff <r/tiM<f«irif Kxfrcist 

o.. 17 .71'-; o.-iT.Ki':;, 

('0.2 2:5'', C(7.. 2. IS''; 


0-10-14 


3-2-4 .7 


lieOreatliim; 15af; after 
standard e\erei.se 

O; 1 1 .SO'',' 

CO; 0 '12''f 


Al Rtn 

O; 17.C7';o 
CO; 2.So% 


DouKlas Bag 

Alter r.xercise 

0; 17.27% 
CO; 3.00%. 


Oxygen and Carlinn Dioxide in Rebreathing Bag after standard excreisc 
O;’ 11 02'';, 

CO; 0.00' f 


A sfud.v was made of 170 patients vith iinjiaired lungs. The authors noted 
that the caj^ability of tlie lungs to dilTu.se oxygen .and carbon dioxide had no 
definite relationship to the ventilatory function of the lungs. Where the ven- 
tilatorv function was normal, the diffusion of oxygen .and carbon dioxide was 
also good and onl.v oecasion.all.v was there poor diffusion in lungs with good ven- 
tilatorv function. On tiie other h.and, vhen the ventil.atorv function of the 
lungs was much reduced, the diffusion of oxygen and carbon dioxide had no 
relationshii) to the ventilatory reduction. 

Tlie authors also noted that the roentgenogram is of limited value in estimat- 
ing the capability of the lungs to diffuse oxygen and carbon dioxide. They fre- 
quentlj" found the roentgenogram mi.sleading, especially so vhen it revealed an 
extensive bilateral infiltration of the lungs, and in such instances, the ventilatory 
function was also markedly reduced. Yet, in spite of both i-eduction in ven- 
tilatory function and radiographic evidence of extensive invoh^ement of the 
lungs, the diffusion tost as measured by the rebreathing bag after standard 
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' exercise indicated that the lungs were capable of diffusing oxygen and carbon 
dioxide as well as the lungs in normal subjects. 

The above may happen in acute pulmonary disease where a good deal of both 
lungs is involved and the ventilatory function is correspondingly reduced. The 
uninvolved lung tissue is still normal and the permeability to gases will be no 
different than that in normal lungs. However, should the diseased areas in the 
lungs persist for a long period of time, the uninvolved lung tissue may gradually 
become emphysematous and changes in permeability take place. 

Apparently the ventilation occurs only in the uninvolved areas of the lungs, 
otherwise the diffusion of oxygen and carbon dioxide could not be in the normal 
range. The authors believe that impaired lung tissues take little or no part in 
the ventilatory phase of pulmonary function. The inspired air by-passes the 
impaired lung areas. 

The entering of air into one or the other lung depends on two factors: first, 
the tensile strength of one lung compared to the other and, second, to conditions 
reducing the lumen of the bronchi leading to a lung, lobe, lobule etc. In normal 
lungs, air enters equally into both lungs. In disease, one lung may develop 

Fig. 2. (Upper left) A roentgenogram of the lungs of a white male of 39 years with a 
bilateral silicosis, whose ventilatory capacity was reduced considerably (A.V.C. 1,700 cc. 
and C.N.V.C. 3,700 cc.). The patient was dyspneic on the least exertion. The diffusion 
test revealed a decrease in oxygen diffusion (oxygen 11.8 volume per cent; carbon dioxide 
6.92 volume per cent) . This patient had both ventilatory and permeability dysfunction. 

Fig. 3. (Upper right) A roentgenogram of the lungs of a white female of 38 years with 
an endobronchial tuberculosis in the left main bronchus and a tuberculous infiltration in the 
left upper lobe. She had good ventilatory capacity (A.V.C. 2,400 cc.; C.N.V.C. 3,400 cc.). 
Her test for diffusion of oxygen was very good and below the mean normal of 8.3 volume per 
cent for females (oxygen 7.77 volume per cent; carbon dioxide 8.03 volume per cent). Be- 
cause of the shift of the mediastinum to the left we may assume the whole ventilatory and 
diffusion processes probably occur in the right lung. (See figure 4.) 

Fig. 4. (Centre left) A roentgenogram of a case of left endobronchial tuberculosis taken 
iii expiration revealing the shift of the mediastinum to the right. For details sec figure 3. 

Fig. 5. (Centre right) A roentgenogram of the lungs of a patient with a far advanced 
bilateral pulmonary tuberculosis. The patient, in spite of an advanced bilateral tubercu- 
losis, had fairly good ventilatory capacity and evidence that the uninvolved lung tissues 
were capable of diffusing oxygen. The A.V.C. was 3,400 cc. compared to a C.N.V.C. of 
4,400 cc. The diffusion test to oxygon and carbon dioxide was oxygen 8.7 volume per cent 
and carbon dioxide 7.9 volume per cent. Surprisingly, there was both good vcntilatorj- and 
diffusion function for an advanced tuberculous disease. 

Fig. G. (Lower left) A roentgenogram of a 65 year old white male with a minimal pul- 
monary tuberculosis involving chiefly the right lung. The ventilatory capacity was good 
(A.V.C. 3,500 cc. and C.N.V.C. 4,600 cc.). The ability of the lung to oxj’gcn diffusion, on 
the other hand, was poor (oxygen 11.4 volume per cent; carbon dioxide 6.7 volume per cent). 

Fig. 7. (Lower right) A roentgenogram of a white male of 34 years with a bilateral 
pulmonary tuberculosis, involving chiefly the right lung. The vcntilatorj* capacity was 
reduced to about the threshold between dyspnea and normal comfort on exertion (about 63 
per cent of the C.N.V.C.). The uninvolved areas of the lungs appear to be cmph 3 -scmatou 8 
in the roentgenogram'. The diffusion test for oxygen was good which definitely ruled out 
the diagnosis of emphysema (oxj-gen 8.43 volume per cent; carbon dioxide S.OI volume 
per cent). 
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more tensile strength than the other. The lung nith the lesser tensile strength 
e.xpands while little air enters into the one nith the greater tensile strength. 
We formed such impressions in our stud}'^ of 170 cases of impaired lungs. We 
decided that in patients mth marked impairment of ventilatorj’^ function the 
gases in the rebreathing bag were in equilibrium onl}’’ Math the pulmonarj’- arterial 
circulation in the lung tissues capable of being ventilated. The rebreathing 
bag test only measured tlie diffusion of oxj'gen and carbon dio.xide in the lung tis- 
sues the air in the bag could reach. / 

With the above impressions in mind, we decided to reproduce similar situations 
in a negative pressure jar vith the use of a Y-tube to represent the trachea and 
the division into two main bronclii. We closed a jar with a rubber stopper 
having three openings. Through one we inserted the stem of the Y-tube so that 
both arms were in the jar. Through the second opening a glass tube was 
inserted connecting the inside of the jar to a negative pressure pump. Through 
the third opening a glass tube was inserted, connecting the inside of the jar to a 
water manometer. The stem of the Y-tube was open to the atmospheric air. 
Two balloons representing the lungs were attached to the arms of the Y-tube 
enclosed in the jar. There was a 1.9 cm. water difference in the tensile strength 
of the tM'o balloons. IWien a sufficient negative pressure was induced in the jar, 
the balloon of lesser tensile strength began to expand and continued to enlarge 
as the negative pressure increased untU it finally burst with negligible expansion 
of the balloon of greater tensile strength. The above phenomenon also occurs 
in lung tissue. Impairment of lung tissue because of disease decreases the elas- 
ticity of the lung and increases its tensile strength. Changes in the pleura in a 
similar manner increase the tensile strength of the lung. 

In partial obstruction of a bronchus, the current of air moves to the unob- 
structed one and the involved bronchus is practicallj' b 3 '-passed b}’’ the mo\mg 
columns of air. This phenomenon can be observed bj' placing both limbs of a 
Y-tube in a beaker of water and blow'ing through the stem of the Y-tube. The 
arms of the tubes should be about 1 cm. belmv the surface of the water; very • 
little blowing force is required for the demonstration. The lumen of one of the 
arms of the Y-tube is then reduced in width. The bubbles of air will be seen 
emerging from the unobstnicted arm of the Y-tube with an occasional bubble 
coming through the arm nitli the reduced lumen. 

In the tracheobroncliial tree the columns of air sirailaiilj’' move to the unob- 
structed bronchus. This phenomenon is seen in partial obstruction of one of 
the major bronchi (carcinoma, tuberculous endobronchitis, etc.). In partial 
obstruction of one of the main bronchi, the lung supplied bj* the unobstructed 
bronchus expands and forces the mediastinum (if mobile) towards the opposite 
lung. The unobstructed lung on expiration, ha\ing no difficultj' in e.xpelling 
its gases, retracts to a small area compared to the partiallj’ obstmeted lung which 
now appears in the roentgenogram (figure 3 and 4) equal or larger than the nor- 
mal contralateral lung. The mediastinum now has shifted towards the noimal 
lung. 
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We then experimented ^\dth one partiall3’- obstructed arm of a Y-tube and two 
balloons of unequal tensile strength. We were surprised to find that the balloon 
TOth the lesser tensile strength would expand even when the lumen of the arm 
of the Y-tube was pai-tty obstructed. From the above we assumed the most 
important factor in ventilation of lung tissue is the tensile strength of the lung 
and is even a greater factor than changes in the lumen of the bronchi. 

The above phenomena occur in diseased lungs. Either due to disease in the 
lung or pleura the tensile strength is increased and the ability of the diseased 
areas of lungs to ventilate is lost. The rebreathing bag test after the standard 
exercise is only a measurement of the diffusion of oxygen and carbon dioxide 
of the Iimg tissues able to ventilate. 

How the pulmonary arterial circulation is affected in the unventilated lung 
tissues needs a good deal of clarification. Some investigators believe the blood 
circulating through unventilated lung tissues is returned to the left heart through 
the pulmonary veins as venous blood and thus pollutes the general circulation 
with venous blood in a similar manner, as in congenital heart disease. Other 
investigators think that the pulmonaiy arterial circulation is almost absent in 
the unventilated lung — as in pneumothorax, in collapse therapy, etc. The 
rebreathing test is not a measure of the diffusion of ox5'-gen and carbon dioxide 
in the unventilated lung but onlj’- in the lung tissues capable of ventilation. 

An impaired lung that has not functioned because of an increased tensile 
strength ma}’’ again ventilate if the contralateral lung at some future time de- 
velops a still greater tensile strength than the previousl}’’ impaired nonfunction- 
ing lung. An example of the above is the ree.xpanded lung after artificial pneu- 
mothorax which has increased considerably its tensile strength compared to the 
functioning contralateral lung. Should the contralateral lung become diseased 
and its tensile strength become equal to or greater than the reexpanded lung, 
the latter mil now participate in the ventilatory and diffusion functions. 

The authors found by means of the rebreathing test after the standard e.xer- 
cise that the capabilit}’- of the lung tissue able to function could be determined 
and the departure from the normal could be stated by comparing the results of 
the analysis of the oxygen and carbon dioxide in the rebreathing bag udth the 
mean average as found in normal males and females. 

The following cases illustrate the above. The first two examples are patients 
with good ventUatoiy tests but differ in the ability to diffuse oxygen and carbon 
dio.xide. 

Case H. H.: The patient is a male, 21 years of age. He had a far advanced bilateral 
caseous pneumonic pulmonary tuberculosis. The tuberculous disease involved chiefly 
the left lung (flgure 5). The A.V.C. was 3,400 cc. and the C.N.V.C. was 4,400 cc. The 
A.V.C. was 77 per cent of the C.N.V.C. Thus we have a patient with considerable pul- 
monary disease and yet sufficient ventilatory function. (As e.xplained previously, 60 
per cent of the C.N.V.C. is the threshold between comfort and dyspnea, with no S 3 mp- 
toms of dyspnea on walking on level ground.) 

A rebreathing test after the standard e.vercise was done. The oxygen was 8.7 volume 
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per cent and the carbon dioxide was 7.9 volume per cent. The ability of the lung tissues 
functioning to diffuse oxygen and carbon dioxide was normal compared to the control 
normal male subjects. 

Case J. R.: A white male of 65 years had a minimal pulmonary tuberculosis involving the 
right upper lobe (figure 6). The character of the tuberculous disease was caseous pneu- 
monic. There was an atelectasis of the posterior segment of the right upper lobe and in' 
the atelectatic area, a small cavity. Small areas of bronchogenic disseminated tubercu- 
losis were scattered through the midportion of the right lung. 

The A.V.C. was 3,500 cc. and the C.N.V.C. was 4,600 cc. Tlie actual vital capacity 
was 76 per cent of the C.N.V.C. The above vital capacity is about the same as in case 
H. H. above. A rebreathing test after the standard e-vercise was done. The oxygen was 
11.42 volume per cent and the carbon dio.xide was 6.78 volume per cent. Compared to 
the mean normal male volume percentages of o.xygen and carbon dioxide there is con- 
siderable impairment of the lung tissue to diffuse o.xygen and carbon dioxide. 

In comparing these 2 cases uith each other we find one patient uith extensive 
disease of the lungs with a fair ventilatorj'^ capacit}' and good diffusion of oxygen 
and carbon dioxide in the lung tissues in contrast to a patient with much less 
pulmonary disease, as noted in the roentgenogram in figure 5, with equally good 
ventilatoiy capacity but poor diffusion of o.\ygen and carbon dioxide. 

The difference in the diffusion rate in the two lung tissues can be noted more 
graphically by converting the volume percentages of the o.xygen and carbon 
dioxide to their pressure in mercur 5 % The first case, H. H., had a 8.7 per cent 
volume of o.xygen or 62.03 mm. of Hg. (good diffusion) compared to case J. R. 
in which the oxygen volume wus 11.92 per cent and the oxj'gen pressure 81.42 
mm. of Hg. (poor diffusion). The carbon dio.xide pressure in the first case was 
56.32 mm, of Hg. whereas in the second case the pressure was 48.28 mm. of 
Hg. 

The ne.xt reported cases are a ventilatory group with about 60 per cent of the 
C.N.V.C. (Threshold betw’een comfoii; and dyspnea.) 

Case G. M.: is a white male, 34 years of age. He had a bilateral pulmonary tuberculosis, 
moderately advanced, caseous pneumonic in character, which involved chiefly the right 
lung (figure 7). The tuberculosis was in a chronic stage with evidence of fibrosis and 
calcification. In the right upper lobe there was a small cavity. Both lungs suggested 
a diffuse fibrosis with a complicating emphysema. Both diaphragms appeared as though 
they were fi.xed. The roentgenogram suggested the uninvolved lung tissues to be em- 
physematous with poor diffusion of oxygen and carbon dio.xide. The A.V.C. was 63 per 
cent of the C.N.V.C. 

A rebreathing test after the standard e,xercise revealed that the lung functioning was 
normally permeable to o.xygen and carbon dio.xide. The oxygen was 8.43 volume per cent 
and the carbon dioxide was 8.01 volume per cent, a very excellent diffusion of oxygen and 
carbon dioxide. This case is a good example how. difficult it is to judge ability of the 
lungs to diffuse gases from diminished ventilatory capacity and roentgenograms of im- 
paired lungs. There certainly was no emphysema of the lungs which the roentgenogram 
suggested. 
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Cane ir. was a white male, 05 veai-s of urc. The inilmonaiy tuberculosis in the right 
lung was ininiinal. A small fibrotic tuberculous lesion was in the mediastinal aspect of 
the right ujrper lobe (figure 8). The roentgenograms of the lungs revealed much less 
tuberculosis and suggested belter ability to diffuse gases than did the roentgenograms of 
the lungs in the preceding case. The A.V.C. wa.s 2, COO cc. and the C.N.V.C. was 4,200 
cc. The A.V.C. was 02 per cent of the C.N.V.C. 

A i-ebreathing te.'^t after the standard cxcrchc was done. The oxj’gcn was 11 volume 
per cent and the carbon dioxide was 7.3S volume jier cent. The ability of the functioning 
lung tissues to diffuse oxygen .showed rnai-ked imiiairment while the roentgenogram sug- 
gested better ability to diffuse o.xygen than the roentgenogram did in the case of G.M. 
Both patient.s had diminished vent ilatoiy capacities. 

Cane R. P, was a white male, 03 years of ago. lie ha<l a moderately advanced pulmonary 
tuherculo.sis involving the left uiiper lobe. The roentgenogram of the lungs (figure 9) 
suggested an emiihyscma complicating inilnionary tuberculosis. The A.\'.C. was 2,200 
cc. and the C.N.V.C. was 4,700 cc. The A.V.C. was 47 per cent of the C.N.V.C. 

A rchi-cat lung test after the standaixi exercise was done. The oxj'gen was 8.27 volume 
per cent and the carbon dioxide was 7.9 volume jier cent. The diffusion abilitj^ of the 
functioning lung tissue was normal. Wc include this case becau.se of the patient’s age 
of 03 yearn to dispel any thought that ago may be a factor in poor diffusion. Though the 
ventilatoiy cajiacity was reduced to below 50 per cent of the C.N.’V.C. and the roentgeno- 
gnun suggested a severe omirhysema of the lungs and the patient’s age was 63 5 ^eai-s, the 
functioning lung tissues showed a normal capability to diffuse oxygen and carbon dioxide. 

Even with the ventilatory capacity reduced to below 40 per cent of the C.N. 
V.C. we find that the lung tissuc.s capable of ventilating could still diffuse oxj^gen 
and carbon dioxide normally. 

Case B. J. was a male Negro, IS yearn of age with a far advanced caseous pneumonic pul- 
monaiy tuberculosis. The roentgenogram of the lungs (figure 10) revealed the right 
lung collapsed by an artificial pneumothorax. The upper lobe was well collapsed, atelec- 
tatic and contained a ball-valve cavity that was still patent. There was a long thick 
pleuml adhesion suspending the uirper lobe from the posterior a.xillary area of the thoracic 
cavity. The middle lobe and lower lobe were about 40 per cent collapsed. There was a 
diffuse bronchogenic spread through the whole left lung. 

The A.V.C. was 1,800 cc. and the C.N.V.C. was 4,900 cc. The A.V.C. was only 37 
per cent of the C.N.V.C. The collapse of the right lung and the disseminated tubercu- 
lous disease in the left lung suggested poor diffusion of gases in the remaining functioning 
lung. 

A rebreathing test after the standard exercise was done. The oxygen was 7.52 volume 
per cent and the carbon dioxide was 7.52 volume per cent. The ability to diffuse o.xygen 
and carbon dioxide was even better than the mean oxygen volume percentage in the aver- 
age normal male lung (7.9 volume per cent). 

On the other hand, case H. M. (figure H), a Chinese male of 39 years, with an A.V.C. 39 
per cent of the C.N.V.C. (A.V.C. 1,500 cc.; C.N.V.C. 3,800 cc.) had a bilateral far ad- 
A'anced pulmonary tuberculosis with cavity formation in both upper lobes. The roent- 
genogram of the lungs revealed there was less tuberculosis in the lungs than in the pre- 
vious case, B. J. 
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The robreathinp teat after the standard exorcise was done. The oxj'gon was 11.66 
vohimc per cent and the carbon dioxide was C.SS volume per cent. Tlic ability to diffuse 
oxygen of the lung tissue functioning was much impaired in contrast to the above case. 
;\s a rule wlien the ventilatory cajiacity Ls reduced to below 40 per cent of the C.N.V.C. 
the ability of the functioning lung (Lssue to diffuse oxygen and carbon dioxide is impaired. 

We found the rcbrcatliing bag tc.st after tlie standai-d exercise valuable in 
detonuining the ability of the contralateral lung to diffuse gases in pneumo- 
thonix thcnijjy, e.spcciaHy so when the A.V.C. was reduced to below 50 per cent 
of the C.N.V.C. (Figure.s 12, 13 and 14 are roentgenograms of the lungs of 
such patient.s.) 

Case X. 1'. (figure 12) wa.s a male of 2S years. His A.V.C. was 2,100 cc. and his C.N.V.C. 
w.as 4,600 cc. The A.V.C. was 45 per cent of the C.N.V.C. A rebreathing bag test 
after the standard exercise was done. The oxx’gen was 8.36 volume per cent and the car- 
bon dioxide was S.SO volume per cent. The diffusion of oxygon and carbon dioxide was 
within the normal range. 

Case li, R. (figure 13) was a male of 28 years. His A.V.C. was 2,000 cc. and his C.N.V.C. 
was 4,500 cc. The A.V.C. was 44 per cent of the C.N.V.C. A rebreathing bag test 
after the slandartl CAcrcisc was done. Tlie oxygon was 8.32 volume per cent and the 


Fro. S. (Upper left) A roentgenogram of a white male of 05 years of ago. This roent- 
genogr.am revealed much less impairment of lung tissue than the roentgenogram in figure 7. 
The uninvolvcd lung ti.ssucs suggested much better diffusion of o.xygen than in the roent- 
gcnogT.am of figure 7. However, the ability to diffuse oxygon was poor (o.xygen 11 volume 
per cent; carlron dioxide 7.3S volume per cent). 

Fig. 9. (Upper right) A roentgenogram of the lungs of a white male, 65 years of age, 
which Buggest.s an cmplyscma of both lungs complicating a moderately advanced pulmonary 
tuberculosis in the left upper lobe. The ventilatory capacity was considerably reduced 
(47 per cent of the C.N.V.C.). The diffusion test for oxygen however was good (oxygen 
8.27 volume per cent; carbon dioxide 7.9 volume per cent). 

Fro. 10. (Centre left) A roentgenogram of the lungs of a young Negro male. The 
ventilatory capacity was greatly reduced (37 per cent of the C.N.V.C.). Though the 
roentgenogram suggested poor capabilitj' to diffuse oxygon, the tost revealed very excellent 
diffusion of oxvgen (oxj'gcn 7.52 volume per centj carbon dioxide / .52 volume per cent). 

Fig. 11. (Centre right) This roentgenogram, in contrast to the roentgenogram in figure 
10, reveals much less involvement of the lungs. The ventilatory capacity was reduced in 
this patient to the same extent as in the patient shown in figure 10. The test for the dif- 
fusion of oxygen however was verj' poor (oxygon 11.06 volume per cent; carbon dioxide 6.88 
volume per cent). This patient had both very poor ventilatory and diffusion function 
tests. 

Fig. 12. (Lower left) A roentgenogram of the lungs of a patient with a left artificial 
pneumothorax. The ventilator}' capacity was reduced to 46 per cent of the C.N.V.C. A 
test for the diffusion of oxygen revealed good diffusion to oxygen (oxygen 8.36 volume per 
cent; carbon dioxide 8.86 volume per cent). 

Fig. 13. (Lower right) A roentgenogram of the lungs of a patient with a right artificial 
pneumothor.ax and a sprc.ad of the tuberculous disease into the upper half of the left lung. 
The ventilatory function was much reduced (44 per cent of the calculated normal). The 
question was whether the left lung could be treated surgically. The diffusion test revealed 
that the functioning areas of lung could diffuse oxygen well (oxygen 8.32 volume per cent; 
carbon dioxide 7.67 volume per cent). 
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cirbon dioxide was 7.C7 volume per cent. The nbililj' of the contralatcml functioning 
lung to diiTuso gases was within the norm.al mngc. 

In case J. ir. (figure M), in whom the A.V.C. was 47 per cent of the C.N.V.C., the func- 
tioning left lung showed poor dilTusion of oxj’gen as the rebreathing bag test after the 
standard exercise revealed. The oxygen was 10.79 volume per cent and the carbon diox- 
ide was 7.53 volume per cent. 

The diffusion test is also of v.aluc in selecting cases for pncumonectom}*. The 
diffusion of o.xj’gen in the nondiscased lung maj* he determined, as in the follow- 
ing cases. 

Case M. IL (figure 15) was a female of IS yc.ars. Her A.V.C. was 1,300 cc. and her C.N. 
V.C. was 2,700 cc. The A.V.C. was 4S per cent of the C.N.V.C. Her roentgenogram 
reve.alcd an atelectasis of the left lung due to a far advanced aascous pneumonic tubercu- 
losis. 

A rebreathing bag test after the standard exercise was done. The o.xj'gen volume 
per cent was S.S9 and carbon dioxide volume per cent w.as 7.51 . TJie right lung showed 
normal diffusion of oxj’gcn and carbon dioxide. 

Case TF. P. (figure IG), a white male of 20 years, had an atelectasis of the left lung due to a 
caseous pneumonic tuberculosis. The right lung was also involved. The upper lobe 
had a tubereulous infiltration which was fibrotic in character. Tlicre was no endenco 
of cavitarj’ formation in the right lung. The A.V.C. was 2,300 cc. and the C.N. V.C. 
was 4,600 cc. The A. V.C. was 50 per cent of the C.N. V.C. 

A rebreathing bag test was done after the standard exercise. The oxygen was S.94 
volume per cent and the carbon dioxide was 8.32 volume per cent. The right lung which 
was funcUoning revealed good diffusion of oxygen and carbon dioxide. 

DISCUSSION 

The diffusion of oxj'gcn and carbon dioxide through the alveoli of the lungs 
may be measured by a rebrea tiling bag test after a standard exercise. The 
method, the norms and the diffusion in impaired lungs have been described in 
the text. 

The authors are presenting some of the discussions that have been brought to 
their attention in regard to this test being a measure of the permeability of the 
alveolar tissues or a combination of manj*- other factors. The following factors 
were brought up for discussion : (/ ) the potentially unequal or ineffectual empty- 
ing of the lungs; {2) the oxj’gen in the rebrcathing bag maj' be liigh if the al- 
veolar oxygen is liigh to begin vith; (S) the same results would be obtained in the 
presence of a large residual air; (4) if the cardiac output, that is, the o.xygen 
transport is reduced; (5) if the metabolic rate of the patient is subnormal; {6) 
the question of the recirculation of blood affecting the test; and (7) if the mem- 
brane between the alveoli and the capillaries is less permeable than normal. 

(1) The potentially unequal or ineffectual eniptjing of the lung was dis- 
cussed as a factor The authore have prei’iouslj’- pointed out that, in the in- 
vestigation of 8 normal young males in whom the thorax and abdomen was en- 
circled in a canvas jacket in a manner that restricted the movements of the 
thorax and the diaphragms and resulted in a reduction of the xntal capacities to 
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Figs. 14-lC 


Fig. II. (rpiier) A ropiitni'iioKnirn of the lunRS of a patient with a riglit artificial pnou- 
mothorav. In cniilrast to (he rocntf'onoKrains in figures 12 niui 13, tlio ciilTusion of oxygen 
was poor as well as the vonlilatory funetion. Wntilatory capacity was fi" per cent of the 
C.X.V.f’. and the dilTiision te.st wa.s- ox.vgen 10.70 x’olume per cent; carbon dioxide 7.53 
volume per cent. 

Fig. 15. (Lower loft) A roentgenogram of the lungs of a white female of IS j-ears. She 
had an atelecta.sis of the left lung, which was involvctl from apex to base. The question 
aro.se a.s to whether her right lung «as able to function properly because a pneumonectomy 
wa.s con.sidcred. Her ventilatory capacity was much reduced (-IS per cent of the C.X.V.C.). 
A test for the dilTusiou of oxygen levealcd good function (o.xygcn S.S9 volume per cent; 
carbon dioxide 7.51 volume per cent). 

Fig. 1C. (Lower right) A roentgenogram of the lungs of a while male, 20 years of age. 
The ability of the right lung to diffuse o.xj’gen was considered for possibility of a pneumo- 
nectomy of the left lung. The vonlilatory capacity was found to be reduced to 50 per cent 
of the C.N.V.C. The test for the diffusion of oxygen iwcalod good diffusion of o.xj'gen 
(o.xygcn S.94 volume per cent ; carbon dioxide 8.32 x’olume per cent). 
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h(’!(nv 50 |){>r n'lit or more of Ihc'ir rnirtihlcd iiorni;il vi(;i! (vip.'K'ifio.v, there was 
wry lit I It' in tlit* oxynt'ii atiti {•:irlH)ii tlioxitlt' tlilTiision Itoforo iinti iiftcr 

iipi^lyins tilt' ctiiiviis jiicitcl. (Soo text nnd (iililcH for tk-( nils.) 

(J?) 1 lit' lU'xt ftictor flint cniiu' up for tliscussioit tttis wliotlirr tlio o.vyffoii in tlio 
rohrcntiiinn biiji inny Ix' nn'cctoil by the vobnnt' percent njjt' of the o.xyKcn nnt! 

T.MU.K 


Thirtij re.s'r.t Khiunmj rrliiliimishi)) of dln nhir oxi/iji ii iiinl nir!)on dioriilr at rvsl' to llir ori/i/cn 
anil |•nll^ou itioxiilr in Itir n tirralliiaij tauj a/h r rxrrrisr 


CAsrs 

VOU M1 \'l HCrSTAOl '» IS JtrnVl.MUiSO 
11 \r. Ai fi K srAMufcn i.vi itri*,*. 

1 

1 ALMOLSR 

j 

.^T tl.ST* 

O: 

! (*<)j 

: (). 

CO, 

1. 11. H., . , 

8.7-1''; 

7. 58'; 

! 13.20'’; 

5.81'’; 

•2. S. S. .. 

9.sr; 

7.01'; 

i 13.81''; 

5.32''; 

:i, K. 0., . 

8.07'’; 

8,20''; 

j 13.33'';, 

5.-11% 

•1. W.T. .. 

10.17''; 

7.39''; 

j 12.07'-; 

5.7-1% 

5. .V. .1 

9,00''; 

i 7.13'; 

1 I1..53'’; 

-1.90% 

fi. M. R 

11. 30'-; 

7.00'; 

12.00'’; 

5.. 50%, 

7. L. R 

7.815''; 

i 8.72'’, 

11.20'-; 

5.00% 

S. M. D. . . 

7.77''; 

8.03''; 

13.70'-; 

5.4.5% 

!). W. W. 

9.13''; 

7.12'’; 

13. lo'-; 

5.57% 

10. j. n 

8.92'’; 

8.01' ; 

11.72'-; 

-1.-18% 

11. K. G 

11.89',y. 

0.53';. 

13.21'’;. 

5.23% 

12. K. T,, , , 

10,0 !'•; 

7.0.5';. 

M..5S'';, 

-1.47% 

13. L. C. . 

0.20':; 

9.18'’; 

M.1.5'';, 

5.-18% 

H. X. T. 

7.51''; 

7.7-1':; 

M.70'’; 

4.92%. 

In. W. C 

9.2t)''; 

7.. 50'’,' 

12.. 50% 

5.34% 

10. \V. V.. ,. 

7.88''.; 

7.77% 

1-1.01''; 

-1..8.3%, 

17. F. h. . . 

8,21'';. 

7.29'',', 

12.90% 

5.0.5% 

18, W. 15. . 

8.32''; 

7.71% 

n..ss% 

5.97% 

19. S. K. . , 

8.28'’; 

8.70%. 

13.89% 

5.20':? 

20. J. C 

9.18'’; 

0.9.8% 

10.80% 

5.07% 

21..\. 15. . 

11.09':;. 

0.50% 

13,10% 

5.32% 

22. W. 15 

i3.35<:;. 

5.72% 

11.5.3% 

4 .08% 

23. .\. MeC. . . 

12.11':; 

c.oi'f;, 

1-1.59''; j 

5.08% 

2-1. F. F 

8.08'';. 

8.03% 

13.7.5% 

5.30% 

25, I. P 

7.01"^ 

7.01% 

12.03'’; 

5.32% 

20. X.T., 

8.10'';. 

8.7.8'",. 

13.58% 

5.31% 

27. T. II 

13.07% 

0.3.8% 

11.25% 

6.32% 

28. 11. S 

12.92% 

0.09% 

12.14% 

0.00% 

29. G. M 

11.01% 

6.28% 

11.41% 

5.93% 


■* Rest — Subject sits quietly in n clinir for thirty minutes. 


carbon dioxide in the ah'eolar air. AVoiild the yolume per cent of oxygen in the 
rebreathing bag be high if the ah'colar oxygen is liigli to begin with? 

A glance througli table 5 reveals that there is no relationship between the vol- 
ume per cent of o.xygen and carbon dioxide in the rebreathing bag after the 
standard exercise and the volume jtcr cent of oxygen and carbon dioxide in the 
alveolar air at rest. Best and Taylor (14) give the following figures for alveolar 
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oxj'gen and carbon dioxide, reduced to standard temperature and pressure: 
oxj'gen 14.29 per cent and carbon dioxide 5.5 per cent. The reader will find 
in table 5 evidence tliat subjects vitb such alveolar percentage of oxygen and 
carbon dioxide ma}’- have either high or low volume per cent of oxygen and car- 
bon dioxide in the rebreatliing bag after the standard exercise test. A perusal 
through table 5 shows that there is no relationship between the alveolar oxygen 
and carbon dioxide at rest and the results of the test measuring the diffusion of 
ox 3 ’'gen and carbon dioxide in the lungs. 

(S) The next factor for discussion was that a large residual air would give a 
high ox 3 ’'gen per cent in the rebreathing bag. The authors found evidence of 
bad diffusion of oxygen and carbon dioxide in true cases of emphysema of the 
lungs. Unfortunatelj’' we did not measure the residual air in these cases. The 
authors also presented a case in which the ventilatoiy capacity was considerably 
reduced; the roentgenogram of case G.M. (figure 7) suggested emphj^sematous 
lungs but the diffusion test revealed good diffusion of oxygen and carbon dioxide. 
The vide intercostal spaces did suggest emphysema of the lung and a large vol- 
ume of residual air. The diffusion test eliminated the diagnosis of emphysema 
of the lung. 

(4) The next factor for discussion is the rfile which the cardiac output played 
in the test. The cardiac output was discussed hotly but the authors believe it 
plays no r61e, or a verj’’ minor one, and base their opinion on the folloving facts. 

A: They were able to establish average mean normals in 23 males and 25 
females and assumed there was a sufficient variance in the strength of the right 
ventricular contraction and in the flow of blood through the pulmonaiy circula- 
tion in these 4S normal subjects to have seriously affected the mean average 
volume per cent of oxygen and carbon dioxide if the right ventricle and pul- 
monary arterial circulation plaj’^ed any important r61e in the interchange of gases 
in the lung. The authors vfish to stress the fact that there is a standard exer- 
cise associated vdth this test which should both affect the ventricular stroke 
and the pulmonary circulation. 

B: The aspiratory action of the thorax and its effect on the superior and in- 
ferior venae cavae and the right auricle have been known a long time. We 
■wish to quote Howell (13) : “The negative pressure prevailing in the thoracic 
cavity must affect the organs in the mediastinal space. The main effect of the 
difference in pressure is felt upon the lymph and blood, especiallj’" the latter. 
The large veins in the neck and axilla are under pressure of an atmosphere ex- 
erted through the sldn and the same is true for the inferior cava in the abdomen. 
But the superior and inferior cavae and the right auricle are under pressure of 
less than one atmosphere. This difference in the pressure must act as a con- 
stant favoring condition to the flow of blood to the heart. The difference is 
markedly increased in each inspiration so that at each such act there is an in- 
crease in the velocity and volume of flow in the heart — an effect which is usually 
referred to as the aspiratoiy action of the thorax. At each inspiration blood is 
‘sucked’ from the extrathoracic into the intrathoracic veins. So far as the in- 
ferior cava is concerned, this effect is augumented by the simultaneous increase 
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in abdominal pressure. For as the diaphragm descends it raises the prc.ssure of 
the abdomen as it lowers the i)rc.ssurc in the thorax. Tlio two factors cooperate 
in forcing more blood from the abdominal to the thoracic portion of the cava. 
The cliange.s in intratlioracic prcBsurc during raspiration must affect iJie blood 
flow also in the pulmonaiy circuit, the flow from the right to the left side of the 
heart,” 

The applying of a canvas jacket to the thora.x and tlic abdomen, which would 
affect the movement of the thoracic cage and inhibit the movement of the dia- 
pliragms, would interfere Avilh this a.s])iratory suction action and would reduce 
the vital capacity and aflcct the flow of blood to the right auricle and possibly 
affect the right ventricular volume and the blood flow in the pulmonaiy circuit. 
Such an cx]icrimcnt on S normal males was rc])ortcd in the text and revealed no 
more than verj’ unimportant minimal changes in the diffirsion of o.xygcn and 
carbon dioxide before and after the thorax and abdomen were strapped in a 
canvas jacket (table 3). The A.V.C. was reduced to below 50 per cent of the 
C.N.V.C. in all the S normal males and dysjmca on exertion was present in all. 
Apparently the reduction of tlic aspirator^' action of the thora.\-, which affects 
both venae caA^ac, the right auricle and indirectly the blood flow in the pul- 
nAonary circuit, had no influence on the diffusion of oxygen and carbon dioxide 
in normal males. 

(5) The question of a low metabolic rate affecting the test Avas raised. The 
authors found no relationship in a small number of cases in Avhich both tests 
AA’cre done. 

(G) The time of the recirculation of the blood has also come up for discussion. 
As the authors haA'e prcAuously pointed out they used the rebreathing bag after 
the method of Plcsch for the determination of venous carbon dio.xide because 
Plesch assumed the recirculation lime to be twenty seconds. Henderson and 
Prince, and Best and Taylor agreed Arith Plesch as to the tA\-enty seconds for the 
recirculation of the blood. Other inA'cstigatora have disagreed Arith the aboA'e 
figures and assumed that the time element is much shorter. The authors be- 
licA'e that in exercise the recirculation time must be less than tAventy seconds. 
In our first experiment A\'ith the rebroathing bag aa'c used thirty-five seconds for 
abnormal cases. We found, however, that the normal subjects could not go 
beyond tAventy seconds and AA'ould pull their masks off their faces. Apparently 
subjects AAuth A’^erj'^ poor diffusion tolerate the test best. Their carbon dioxide 
does not reach the high Amlume per cent of the normal subject and the oxygen 
in the rebreathing bag is not reduced to the extent of the normal subject. The 
subjects Avith impahed lungs seemed to go through the test AA-ith much more 
comfort than did the subjects Arith normal lungs. Ea'ch should there be a re- 
turn of some venous blood it apparently has little effect on the results, because 
our comparison of the abnormal is made against the control findings. The same 
factore occur in the control and in the abnormal cases. 

(7) The authors believe that the chief factor in this test is the permeability 
of the membrane betAA'een the ah’^eoli and the capillaries to the diffusion of oxj’^gen 
and carbon dioxide. They admit there is no definite proof that pemAeabilit}’’ 
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is the only factor, but from their experience believe that the other factors, if 
they exist, play a veiy minor role. In Anew of the above they are hesitant to 
call the test a permeability test and have referred to the test as a measure of the 
diffusion of oxygen and carbon dioxide in the lungs. 

HaA'ing tried to answer all the questions that Avere presented, the authors are 
sure that man}’- other questions aatII arise AA'hich could only be ansAA’ered by fur- 
ther research. The authors A\nsh to add another interesting phase in this ex- 
periment, namely the finding of a marked reduction in ventilatory capacity in 
the presence of good diffusion of oxygen and carbon dioxide, as measured by the 
•rebreathing bag test. 

At first the aboA'-e seemed incongntous. We had cases in AA’hich both lungs 
were inA’oh’ed and AA’here we expected to obtain evidence of poor diffusion only 
to find the diffusion of oxj’gen and carbon dioxide AA’ithin the normal range or 
better. We belieA’e that only the uninA’olved lung tissues are A’-entilated and the 
diseased areas are not. In the rebreatliing bag test the gases in the rebreathing 
bag are only in equilibrium AA'ith the lung tissues capable of A’entilation. In the 
te.xt we haA*e discussed the importance of the tensile strength of lung tissue Avith 
A’entilation. Wo discussed the b3''-passing of lung tissue of increased tensile 
strength and hoAV the columns of air only reach the lung areas of lesser tensile 
strength. The rebreathing bag test is a measurement Pf the diffusion of oxygen 
and carbon dioxide in the lung tissues capable of ventilation. 

SUMMARY 

1 . The A’cntilatoiy and diffusion phases of pulmonaiy function are discussed. 

2. Methods of A’entilatorj’ measurements are discussed. 

3. The authors stress that the most A’aluable A'-entilatory measurement is a 
A’entilatorj’ reserv’e based on the number of times the maximum minute breath- 
ing c.apacity is greater than the resting minute A’entilation. The normal in 
males is twenty times the resting minute ventilation. The noimal in females is 
tliirteen times the resting minute ventilation. 

4. A method for measuiing the diffusion of oxygen and carbon dioxide in the 
lungs is described. 

5. The ability of lung tissues to diffuse oxj’gen and carbon dioxide, as measured 
by a rebreathing bag test after a standard exercise, was recorded in 23 noimal 
males and 25 normal females. 

6. Case reports of impaired lungs AA-ith their diffusion tests to oxygen and car- 
bon dioxide are presented. The impressions of the authors have been based on 
such tests on 170 patients AA-ith impaired lungs. 

7. A concept of A’entilation of lung tissue, based on the tensile strength of 
normal and diseased lung tissues, is discussed 

SUMARIO 

1. Repdsanse las fases de ventilaci6n y difusi6n de la funcidn pulmonar. 

2. Disciitense tdcnicas para mediciones de la A’entilacidn. 

3. Recalcase que la medicibn ventilatoria mds valiosa consiste en determinar 
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el niimero dc voces que la capacidad respiratoria mdxima por minute es mayor 
que la vcnti!aci 6 n per minute cn repose. Lo normal en los varones es una 
rcserva vontilatoria 20 vcccs y cn la mujer 13 voces mayor que la ventilaci 6 n 
por minuto cn reposo. 

4. Describese una tdciiica para medir la difusidn de oxfgeno y bi 6 xido de 
carbono en los pulmoncs. 

5. En 23 varones normalcs y 25 mujcrcs normalcs sc registr 6 la capacidad de 
los tejidos pulmonarcs para difundir oxigeno 3 ' bidxido dc carbono, medida por 
un ensa 3’0 en bolsa de la sobre-rcspiracidn (rebreathing) despuds de un ejercicio 
tipo. 

G. Presdntanse pruebas dc difusiGn del oxigeno y del biGxido de carbono en 
pulmoncs afcctados con las correspondientos historias cllnicas, basando los 
autorcs sus imprcsioncs en cl resultado de esas pruebas en 170 enformos. 

7. Presdntase un concopto dc la ventilaciGn del tejido pulmonar basado en 
la fuerza tensil de los tejidos pulmonarcs normalcs y patolGgicos. 
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SURGERY IN THE TUBERCULOUS PATIENT WITH AMYLOIDOSIS 

OSCAR AUERBACH* and MARGUERITE G. STEMMERMANN* 

Whenever the tuberculous patient is confronted with the necessity of major 
surgery, the problem of amyloidosis arises. In approximately 10 per cent of 
cases in Sea View Hospital, an institution devoted to the care of the tuberculous, 
this complication is present either when surgeiy is contemplated or before the 
surgical stages have been completed. The decision, whether or not to operate, 
is a critical one. To those who favor the possibility of the resorption of amyloid, 
operation to control the etiological factor in the production of this substance 
appears essential. To the equally reliable observers who doubt that amyloid 
can be resorbed, the decision to operate must depend upon the extent of the 
amyloid depositions. 

During the past ten years we have had the opportunity of studying 4G8 cases 
(22 per cent of our autopsy material) in whom amyloidosis was proved by post- 
mortem examination. Forty-three of these underwent 52 major surgical opera- 
tions, following the detection of the amyloidosis (group A). On 43 additional 
patients, 77 operations were performed prior to the detection of amyloidosis 
(group B). Several of the patients in the first group had one or more surgical 
procedures a year or more before amyloidosis was demonstz-able, but these opera- 
tions are not included in this study (table 1). 

It is our purpose to compare these two groups in order to determine whether 
or not major surgery should have been attempted; what complication, if any, 
directly attributable to am 3 doidosis may be expected postoperatively; and what 
can be done about these complications. To clarify the controversial question 
of resorption of am 3 doid, upon which the decision to operate at least partially 
depends, a review of this subject is indicated. 

RESORPTION OP AJITLOH) 

The problem of resorption of amyloid has been attacked experimentally, first, 
by the implantation of amyloid tissue into healthy animals and, second, by the 
introduction of amyloid producing injections. In 1885, Litten (1) implanted 
portions of amyloid lddne 3 ^s into the peritoneal cavities of guinea pigs and rab- 
bits and in four to six months observed a typical foreign-body response. The 
kidney tissues were surrounded by vascular connective tissue and were firmly 
attached to the mesentery and omentum. Since the amyloid within the renal 
parenchyma gave a brown-red stain with iodine and ruby-red with methyl violet, 
rather than the conventional mahogany brown or rosy violet hue of amyloid, 
Litten concluded that the amsdoid had been converted into hyaline. VTien 
Grigorjeff (2) repeated these experiments, he found a weakening of the specific 
staining qualities of the am 3 doid only where small amounts of the substance were 

* Department of Pathology, Sea View Hospital, Staten Island, Nejv York. 

* Owen Clinic, Huntington, West Virginia. 
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TABLE 1 
Group A 


CASE 

ACE 

DISEASE 

NCISBEE 
or OFEEA- 
TIONS 

OPEEATIOK 

CAUSE or DEATH 

E3CIEXT 

AinXOZD 

POST- 

OPEEA- 

TTVE 

DAY or 

DEATH 

1 

50 

Pul. T.B. 

1 

Thoracoplasty 

Toxemia 

Moderate 

31 

2 

24 

Pul. T.B. 

1 (3*) 

Thoracoplast}' 

Toxemia 

.Advance c 

405 

3 

44 

G.U. T.B. 

1 

Jfephrectomj'- 

Pul. T.B. 

Moderate 

292 

4 

37 

Pul. T.B. 

1 

Thoracoplasty 

Amj-loid uremia 

.Advanced 

90 

5 

22 

Pul. T.B. 

1 

Thoracoplastj' 

Operative 

Moderate 

1 

6 

25 

Pul. T.B. 

1 (2) 

Thoracopl.asty 

Pul. T.B. 

Minimal 

SO 

7 

11 

Bone T.B. 

1 

Bone fusion 

.Amj-loid uremia 

.Advanced 

1,296 

8 

15 

Pul. T.B. 

1 

Laparotomj' 

Peritonitis 


6 

9 

38 

Pul. T.B. 

1 

Laparotomy 

Pul. T.B. 

Moderate 

85 

10 

16 

Pul. T.B. 

2 

Thoracoplasty 

Pul. T.B. 

Advanced 

10 

11 

32 

Pul. Abscess 

1 

Lobectomy 

Operative 

Minimal 

1 

12 

29 

Pul. T.B. 

2 

Thoracoplastj' 

Pul. T.B. 

Moderate 

5 

13 

27 

Bone T.B. 

1 

Bone fusion 

Cardiac 

Moderate 

SS 

14 

22 

G.U. T.B. 

1 (1) 

Laparotomj' 

Pul. T.B. 

Advanced 

107 

15 

36 

Pul. T.B. 

1 (2) 

Thoracoplasty 

Pul. T.B. 


1,023 

16 

34 

Pul. T.B. 

1 

Thoracoplastj' 

Pul. T.B. 

.Advanced 

42 

17 

24 

Pul. T.B. 

1 (1) 

Thoracoplastj' 

Pul. T.B. 

Minimal 

6 

IS 

23 

Pul. T.B. 

1 

Thor.acoplastj' 

Cardiac 

Moderate 

28 

19 

15 

Bone T.B. 

1 

Bone fusion 

Amyloid uremia 

.Advanced 

75 

20 

35 

Pul. T.B. 

1 (3) 

Thoracoplastj' 

Amj-loid uremia 

Ad%-8nced 

62 

21 

31 

Pul. T.B. 

2 (4) 

Thoracoplastj' 

Pul. T.B. 

■Advanced 

200 

22 

39 

Pul. T.B. 

1 (3) 

Thoracoplastj' 

Pul. T.B. 

.Advanced 

173 

23 

24 

Bone T.B. 

1 

Bone Fusion 

Meningitis 

.Advanced 

215 

24 

38 

Pul. T.B. 

1 (1) 

Thoracoplastj' 

Pul. T.B. 

Moderate 

32 

25 

26 

Pul. T.B. 

1 (2) 

Thoracoplasty 

Pul. T.B. 

.Advanced 

841 

26 

24 

Bone T.B. 

1 

Bone fusion 

Meningitis 

Moderate 

77 

27 

40 

Bronchiect. 

I 

Pneumonec- 

Operative 

Minimal 

11 





tomj- 




2S 

33 

Pul. T.B. 

o 

Thoracoplastj' 

Pul. T.B. 

Moderate 

15 

29 

38 

Bone T.B. 

1 

Amputation 

Pul. T.B. 

.Advanced 

36 

30 

36 

Bone T.B. 

1 

Bone fusion 

Toxemia 

Advanced 

120 

31 

43 

Pul. T.B. 

1 

Thoracoplastj- 

Pul. T.B. 


5 

32 

12 

Pul. T.B. 

2 

Thoracoplastj" 

Pul. T.B. 


4 

33 

26 

Pul. T.B. 

1 (3) 

Thoracoplastj- 

Pul. T.B. 

Moderate 

10 

34 

32 

Pul. T.B. 

O 

Thoracoplastj- 

Pul. T.B. 

Advanced 

214 

35 

40 

Pul. T.B. 

1 (1) 

Thoracoplastj- 

Pul. T.B. 

Advanced 

144 

36 

S5 

Pul. T.B. 

2 (2) 

Thoracoplastj- 

Araj-loid uremia 

Advanced 

6o6 

37 

30 

Pul. T.B. 

I (4) 

Lobcctomj- 

.-Vmj'loid uremia 

Advanced 

5S 

38 

52 

Syphilis 

1 

Frost at ectomj' 

,\mj-loid uremia 

Advanced 

3 

39 

16 

Bone T.B. 

1 

Bone fusion 

Toxemia 

Advanced 

162 

40 

23 

Pul. T.B. 

1 (2) 

Thoracoplastj' 

Toxemia 

Advanced 

2t50 

41 

26 

Bone T.B. 

1 

Bone fusion 

Operative 

Minimal 

1 

42 

13 

Bone T.B. 

I 

Bone fusion 

Araj-loid uremia 

Advanced 

143 

43 

25 

Pul. T.B. 

3 (4) 

Thoracoplastj- 

Transfusion 

Moderate 

6 

Total 

52 (39*) 






* Operations before development of amyloidosis and not included in this studj". 
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TABLE la 

Group B 


CASE 

AGE 

DISEASE 

NUM- 

BER 

OF 

OPERA' 

TIONS 

OFEfiATIOM 

CAUSE OF DEATH 

EXTEKT 

AimoiD 

POSTOFZEA- 
TIVE DAY 
OF DEATH 

1 

33 

Bone T.B. 

1 

Bone fusion 

Pul. T.B. 

Minimal 

69 

O 

•u 

64 

Bone T.B. 

0 

Bone fusion 

Peritonitis 

Advanced 

1,076 

3 

42 

Bone T.B. 

1 

Bone fusion 

Peritonitis 

Advanced 

1,420 

4 

33 

Pul. T.B. 

4 

Thoracoplasty 

Pul. T.B. 

Moderate 

1,330 

5 

S3 

Bone T.B. 

3 

Bone fusion 

Toxemia 

Advanced 

392 

6 

33 

G.U. T.B. 

1 

Nephrectomy 

Pul. T.B. 

Moderate 

112 

7 

39 

Pul. T.B. 

5 

Thoracoplasty 

Toxemia 

Moderate 

652 

8 

38 

Pul. T.B. 

5 

Thoracoplasty, 

Pul. T.B. 

Advanced 

367 





pneumonectomy 




9 

16 

Bono T.B. 

1 

Amputation 

To.xomia 

Advanced 

606 

10 

28 

Pul. T.B. 


Pneumonectomy 

Pul. T.B. 

Minimal 

76 

11 

38 

Pul. T.B. 


Thoracopla3t3'- 

Pul. T.B. 

Minimal 

244 

12 

42 

G.U. T.B. 


Nephrectomy 

Amyloid uremia 

Advanced 

1,068 

13 

31 

Pul. T.B. 


Thoracoplasty 

G.I. hemorrhage 

Moderate 

327 

14 

27 

Bone T.B. j 

1 

Bone fusion 

To.xemia 

Advanced 

416 

IS 

32 

Bone T.B. | 

1 

Amputation 

To.xemia j 

Advanced 

169 

16 

13 

Bone T.B. 

1 

Bone fusion 

Amyloid uremia 

Advanced 

1,604 

17 

11 

Bone T.B. 

1 i 

Bone fusion 

To.xomia 

Advanced 

1,102 

IS 

43 

Bone T.B. 

1 j 

Bone fusion 

Pul. T.B. 

[Advanced 

183 

19 

26 

Bone T.B. 

1 

Bone fusion 

To.xemia 

Advanced 

329 

20 

24 

Bono T.B. 


Bone fusion 

' Amj'loid uremia 

Advanced 

' 17 yr. 

21 

31 

Pul. T.B. 


Thoracoplastj' 

Amj'loid uremia 

Advanced 

1,068 

22 

33 

Pul. T.B. 


Thoracoplastj' 

Pul. T.B. 

Moderate 

714 

23 

52 

Bono T.B. 

1 

Bone fusion 

Amyloid uremia 

Advanced 

784 

24 

31 

G.U. T.B. 

1 

Nephrectomy 

Meningitis 

Moderate 

247 

25 

36 

Bone T.B, 

1 

Bone fusion 

To.xemia 

Advanced 

743 

26 

38 

Bone T.B, 

1 

Bone fusion 

Amyloid uremia 

Advanced 

5yr. 

27 

33 

G.U, T.B. 

1 

Nephrectomy 

T.B. uremia 

Advanced 

4 yr. 

28 

8 

Bone T.B. 

1 

Bone fusion 

Bronchopneu- 

Advanced 

5 yr. 






monia 



29 

36 

Pul. T.B. 

2 

Thoracoplasty 

Amj'loid uremia . 

Advanced 

268 

30 

39 

Pul. T.B. 

2 

Thoracoplastj^ 

Pul. T.B. 

Advanced 

844 

31 

29 

Pul. T.B. 

2 

Thoracoplastj' 

Pul. T.B. 

Advanced 

265 

32 

40 

Bone T.B. 

1 

Bono fusion 

Amj'loid uremia . 

Adv'anced 

5 yr. 

33 

63 

Pul. T.B. 

2 

Prostatectomj' 

Cardiac I 

Minimal 

383 

34 

44 

Bone T.B. 


Amputation 

Amj'loid uremia ^ 

Advanced 

672 

35 

25 

Pul. T.B. 


Thoracoplastj' 

Pul. T.B. J 

Advanced 

397 

36 

28 

Pul. T.B. 


Thoracoplastj' 

Pul. T.B. 1 

Minimal 

667 

37 

26 

Pul. T.B. 


Laparotomj' 

Pul. T.B. i 

Advanced 

012 

38 

33 

Pul. T.B. 

1 

Thoracoplastj' 

Toxemia J 

Advanced 

254 

39 

57 

Pul. T.B. 

1 

Laparotomj' 

Carcinoma I 

Minimal 

500 

40 

37 

Pul. T.B. 

2 

Thoracoplastj' 

Peritonitis J 

Moderate 

115 

41 

31 

Pul. T.B. 

3 

Thoracoplasty 

Pul. T.B. J 

Moderate 

347 

42 

48 

Pul. T.B. 

1 

Laparotomy 

Pul. T.B. J 

Advanced 

158 

43 

43 

Pul. T.B. 

1 

Thoracoplasty 

Pul. T.B. J 

Moderate 

203 

Total 

77 
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present. Larger amounts persistently retained their physical and chemical 
characteristics. 

Since such results maj' be entirely attributable to the foreign-body response of 
the host, Dantchakow (3), utilizing pure Staphylococcus aureus cultures, inter- 
rupted the production of amyloidosis in rabbits, after he had established its 
presence by biopsy of the subraaxillarj' gland, .^ilthough the results were not 
the same in all animals, there was evidence of resorption of the amyloid in the 
opposite gland two months after the cessation of the injections. The length of 
time necessary for resorption depended upon the amount of amyloid present. 
Where its e.\tcnt was marked no resorption apparent!}' had occurred, although 
the specific staining qualiti&s of the am 3 'loid were weaker. 

Utilizing nutrose injections, which produce a more uniform and regular deposi- 
tion of amyloid, hlorgenstern (4) demonstrated resorption and complete disap- 
pearance of the substance within four months of cessation of the injections. To 
follow the course of resorption, he performed liver biojjsics and noted groups 
of giant cells forming granulomata surrounding the am 3 'loid and di\dding it into 
parts. From similar c-xperiments, Ivucz 3 mski (5) also demonstrated resorption, 
describing it as a dissolution phenomenon in the spleen and as an ingestive one 
in the liver. 

Considering the relative ease with which resorption has been demonstrated 
experimentally, it is surprising that so few cases have been reported in man. 
Rosenblatt (6), Reimann (7), Walker (8), Grayzel ct al. (9), Pearlman (10), 
Metraux (11), Waldenstrom (12) and others have cited cases, but man}’ of these 
are open to question. Before the advent of the congo red test, the diagnosis of 
amyloidosis, except b}’ biopsy, was most uncertain. Even the congo red test is 
not an infallible guide, as we have previousl}’ shown in a series of 649 tests, in 
which there were 4.2 per cent false positive reports (13). 

Hepatomegaly and splenomegal}’ apparently’ may’ be misleading. In our 468 
patients with amyloidosis, we found in some cases marked discrepancies between 
the extent of the amy’loid and the size of these organs. In 113 of tlie group, huge 
livers were noted during life and at autopsy’. Yet, in 17 of these, the enlarge- 
ment was due rather to fatty’ infiltration tlian to amyloid and no relationship 
existed between the degree of amy’loidosis and the extent of fatty degeneration. 
The size of the spleen is an even poorer guide to amy’loidosis, since the commonest 
amy’loidotic spleen is of the “sago” ty’pe wdiich is normal or even small in size. 

Edema, probably on a nutritional basis, is so commonly’ found in the critically 
ill tuberculous patient that it is of little diagnostic sigmficance. If associated 
with marked (not slight) evidence of renal damage plus other evidence of amy’- 
loidosis, it carries greater weight as a diagnostic factor. We have never seen a 
patient come to autopsy with marked albuminuria, diminished renal concen- 
trating power and 90 per cent or more absorption of congo red who did not have 
amyloidosis. Yet we have seen occasional cases with various combinations of 
these findings without amyloidosis. 

Waldenstrom’s (12) liver biopsy demonstration of amyloidosis furnishes un- 
equivocal proof of the presence for the condition and, by this technique, he has 
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demonstrated the progrc.ssivo resorption of amyloid during life. It is unfor- 
tunate that no one has repeated hi.s e.\perimcnts in a large series, but liver biopsies 
in man arc not rvithout danger. The procedure, nevertheless, is certainly less 
harardous in the large, bloodless amyloid liver than in the normal organ. 

On the biojjsy rests the uncquivociil proof of the presence of amyloidosis and 
it should, therefore, be used more extensiveh' for this purpose. Recently at Sea 
A’icw Hospital, we have been staining over^' tis.suc procured b}' biopsy or exci- 
sional .'^urgery with methyl violet, in addition to the routine hemotox 3 din eosin 
stain. In view of the fact that at antops}* we have found amjdoid in at least 
the blood vessels of every organ of the body, it is not surprising that this biopsy 
material b.as disclosed depositions of amjdoid in the villi of the gall bladder, sinus 
tracts and the gingivae. The latter is a particular!}' useful tissue since it is rich 
in small blood vessel.*;, the .site of the earliest amyloid depositions, and a small 
portion is c.asily and frequently essential to remove at the time of tooth extrac- 
tion.s or pyorrhea prophylaxis. Although amyloid is not as frequently demon- 
strable in the gingivae a.s in the liver, their acccssability should make them a 
useful source of scri.al hiopsias to study resorption. 

In our aiilopsj’ and biojisy experience we have never found evidence of the 
regression of amyloidosis, although admittedly we have never had the oppor- 
tunity of studying at autops}’ an}' case reputed to ha\'c had resorption of amyloid 
during life. In S cf 4C8 cases (1.7 per cent), in spite of the fact that the basic 
disease wjis healed or arrested, there was no evidence of resorption in any organ. 
In none did wo observe a weakened staining reaction, giant cells, granulomata, 
ingestion or dissolution. In 5 eases, the amyloid not only did not regress after 
the basic di.sc.asc had }ie.alcd, but actually had progressed and the patients died 
in amyloid uremia. 

KotwilJistanding the pessimistic impression provided by the autopsy table, 
it is not necessarily a true one. Obviously the pathologist rarely obsen’es the 
better results of the surgeon or internist in controlling the basic disease. Even 
if resorption of amyloid is infrequent, there is every reason to believe that in 
most cases control of the underlying infection vill not only prevent the develop- 
ment of amyloidosis, but curtail its deposition at a level where it will least disturb 
the function of the involved viscera. 

SURGICAIi ASPECTS 

In 7 patients, all in group A, although draining sinuses persisted, quiescence 
or arrest of the underlying infection was obtained by surgery. The remainder 
cannot all be assumed to be surgical failures, about one-quarter (table 1) of the 
operations being bone fusions which, as pathologists and orthopedists alike have 
pointed out, can produce a quiescent lesion at best. In many of the thoraco- 
plasty cases, surgery accomplished cavity closure, but the disease in the contra- 
lateral lung progressed. In all, there were 65 cases (74,9 per cent) with per- 
sistent sinuses, most of which were at the operative site. 

There were 11 patients (8 in group A and 3 in group B) in whom the surgical 
procedure was probably an important contributory cause of amyloidosis. These 
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There -were no false negative congo red tests in either groups A or B, when the 
tests were performed vdthin three months or less of death. The patients listed 
as having albuminuria were all spilling albumin in large and increasing amounts. 
In group B, 12 per cent of these were not tested with congo red, a procedure 
which would probably have explained the albuminuria. 

Except for the dye absorption test, we have found all other laboratory tests 
of little diagnostic value, except as they reflect renal damage. In correlating 
the data of the entire group of 468 patients, it was found that in only about one- 
quarter was the blood cholesterol level elevated. The globulin fraction was 
over 2.8 g. per 100 cc. in only 14.3 per cent. The total protein level, however, 
was reduced in almost one-half (48.5 per cent), the reduction being due in most 
cases to loss of albumin in the urine. In a few cases, ivhere the clinical and patho- 
logical picture appeared to be dominated by the marked hepatic amyloidosis, 
the reduction in the albumin fraction occurred with no or little albuminuria. 
Tiber, Pearlman and Cohen (14) have also noted tins discrepancy and have 


TABLE 3 

Clinical evidence of amyloidosis 



CONGO ItXD I 
POSITIVE 

i 

ALBUmNTJlilA ! 

HEPATO I 

SPIXNOUEOALY 

NO ETOENCE 

Group A 

Group B 

22 (51.2%) 
15 (34.9%) 

17 (39.5%) 
20 (46.5%) 

9 (20.9%) 
11 (25.6%) 

15 (34.9%) 
15 (34.9%) 



attributed it to the diffuse hepatic injury. Even a partial loss through albu- 
minuria cannot explain all cases of reduced serum proteins, for in only 35.8 per 
cent of patients were the albumin-globulin fractions equal or their ratios abso- 
lutely reversed. Further studies of liver function were not made in a sufficient 
number of cases to be of statistical importance. The Takata Ara reaction was 
determined in 29, but no correlation was found between the degree of amyloidosis 
at autopsy and the strength of the positive Takata Ara reactions. 

MOnTALITY 

The underlying infection was the cause of death in more than two-thirds of 
the group A patients and in 58 per cent of the group B' (table 4). In the former, 

TABLE 4 


Ailributablc cause of death 



AJIYLOID UJtESnA 

PASILV AUVLOID j 

TJNDEULYINO DISEASE 

Group A 

8 (18.6%) 

5 (11.6%) 

30 (69.8%) 

Group B 

9 (20.9%) 

9 (20.9%) 1 

25 (58.2%) 

Total j 

17 (19.8%) ! 

14 (16.2%) 

55 (64.0%) 


1 



10 “early” operative deaths are included. Among the entire group of 468 pa- 
tients, the basic disease was likewise the cause of death in two-thirds and seems 
to indicate what little effect surgery has on the mortality of the amyloid patient. 
The cause of death was directly attributable to amyloidosis (amyloid uremia) 
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in IS.C per cent and 20.9 per cent instance.^, respectively (table 4). Although 
the number of patients i.s not comparable, it is significant that uremia on this 
basis was almost twice as frequent in this operated group as it %vas in the entire 
group of 4GS patients. This again is probably due chiefly to the longer duration 
of the underlying disease in the operated patients. Those deaths listed as partly 
due to amyloidosis occurred in those patients with long standing infections, who 
had marked generalized amyloidosis, usuallj* associated with massive edema and 
other evidence of the nephrotic syndrome, but without uremia. 

The number of “early” postoperative deaths, 32.7 per cent within three weelcs 
and 20 per cent within one week, is obviously' far higher than is usual in any 
scries of bone fusions or thoracic operations. However, these arc selected “poor 
risk” patients not only from a general constitutional but also from a pulmonary 
standpoint and this is not necessarily a significant figure. Of the “early” deaths, 
12 of 14 were due directly to "shock” or postoperative spreads, the amyloid 
being present in such small amounts that it is unlikely that it influenced the 
ultimate outcome. The remaining 2 patients plus one who died on the fifty- 
eighth postoperative day had extensive amyloidosis, the relation of wliich to 
death is discussed below, (Table 5.) 


TABLE 5 

Interval Iasi operation and death 



24 ITRS. 0% 
LESS 



1-2 

MONTHS 

J-6 

UOKTIIS 

7-!2 

MONTHS 

1 

oyt^ 

1 YEAR 

Group A 

3 

7 

4 

0 I 

i 

8 

11 1 

— 

5 

Group B 

0 

0 

0 



23 




In only one of the “earlj'” deaths was amyloidosis (amyloid uremia) a directlj' 
attributable cause of axitus, the operation definitely being injudicious surgery. 
This person was a 52 year old white man, admitted with albuminuria, edema, 
elevated nonprotein nitrogen and other evidence of renal damage. These find- 
incs were partially attributed to benign hypertrophy of the prostate. A pros- 
tatic resection was done, in spite of a positive congo red test. Postoperatively 
the nonpvotein nitrogen rose immediate!}', the patient lapsed into coma and 
expired tliree days later. Since his general condition and renal function had 
remained essentially stationary for the three months prior to operation, the added 
surgical insult was undoubtedly responsible for the renal shut-down. The entire 
clinical picture on admission was typical of amyloid nephrosis and it is doubtful 
that the prostate was more than a minor factor in the renal insufficiency. Micro- 
scopic examination of the kidneys revealed the typical appearance associated 
with amyloid uremia, a complete blockage of the glomerular capsular spaces by 
amyloid depositions. 

There was one other patient in w’hom the operative procedure apparently 
initiated amyloid uremia. ' This patient had had four stages of thoracoplasty 
and revision over a three-year period. Since there was still evidence of an open 
cavity in an apparently functionless upper lobe, a lobectomy was done. The 
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Congo ml tost throe nncl onc-lmlf mouths before the final operation showed 75 
per cent absorption anti there was no clinical evidence of amyloidosis. Edema 
and nllniminuria devdopetl within forty-eight hours after operation and the 
nonprofein nitrogen began to rise one month Inter. The patient lapsed into 
coma and expired two months iiostoperativcly. More careful studies of the 
blowl and urine immediately prior to operation would probably have disclosed 
renal amyloidosis, although it is doubtful that such kidney damage would have 
innuencctl (he surgical judgment. The 17 patients (table 3) in wliom albu- 
minuria was present before oiicration h.ad no .such postoperative evidence of 
increased renal damage. Six other eases in group A died in am 3 doid uremia. 
There was preoi''crative evidence of varying degrees of renal damage, but the 
surgical tnuima apparonth* did not influence the ultimate renal shut-donm. In 
none of thc.<e did incrc.ascd kidnc\' d.am.agc appear less than one month post- 
opcrativcly. This interval was usuall.v three to six months, the p.aticnts e.\piring 
from two and onc-h.alf months to three and one-half 3 'cars after operation. 

Since in man 3 ' patients, anndoidosis of the adrenal is advanced, the involve- 
ment of this organ in relation to adrcn.al insuflicicnc 3 ' and operative trauma 
should be considered. .'Vlthough none of our eases cxliibitcd frank Addison’s 
disease, such eases have been reported in the literature (Bronfin and Guttman 
(15)) and the posibilit 3 ' of adrcno-cortical insuflicicncy is alwa 3 's present in a 
patient with marked amyloidosis. 

In 2 of our patients with moderate am 3 ’loidosis of the adrenals cortico-adi-cnal 
insuflicicnc 3 ' was studied b 3 ' the .salt restriction test of Cutler, Power and Wilder 
(IG) before or shortly after operation. In both the test was negative, nor did the 
postoperative course suggest cortic.al insufficiency. Of the 14 “early” operative 
deaths, 2 occurred in patients avIio had advanced am 3 doidosis of the adrenals, 
one being the patient previous^' described who died in amyloid uremia. The 
otlicr had a low blood pressure (100/60) before operation and in spite of an 
oxtcnsir-c mixed infection emp 3 'cma his temperature for a 3 ’-ear before operation 
was usually low-grade febrile. Tlicre was considerable “shock” folloiring tho- 
racoplasty and he expired five days following a Schede operation from “shock” 
and contralateral spread. A third patient Avith moderate adrenal amyloidosis, 
who died six da 3 's postoperatively, had prerdously Avithstood uneventfully sLx 
major thoracic operations. She ncA'cr completely responded to the usual meas- 
uras utilized to combat operatiA'c “shock,” although the last operation was a 
less formidable procedure than the preAuous six. 

THERAPY 

Since the treatment of amyloidosis depends rather upon halting its deposition 
than upon actual “cure,” any therapy contemplated must attack the underlying 
infection as energetically as possible. Furthermore, Avhile minimal or eA^en 
moderate amounts of amyloid apparently are of little clinical significance, treat- 
ment, particularly if it is surgical, must be undertaken early. Beardsley’s (17) 
interesting case, in AAdiich operation was postponed because of the patient’s poor 
condition, but ultimately attempted Avith complete success, AA^ell illustrates the 
need for early operation. His patient, living and working more than two years 
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following the last operation, continued to have albuminuria and the possibility 
of his ultimately succumbing to amyloid uremia is unfortunately not remote. 
Two of our cases dying in amyloid uremia two and four years, respectively, fol- 
lowing operation were similar, although surgery in our eases was not completely 
successful in eradicating residual sinuses. 

Specific treatment of amyloido.sis at the i)rcsent time is impossible. Some 
support, however, can be given the damaged viscera and this is especial!}' impor- 
tant if surgery is contemplated. Whenever am3'loidosis is su.spcctcd, determi- 
nations of renal, hepatic and adrenal competency should be made. If the re- 
quired laboratory tests cannot be done, it would be well to assume that these 
organs are damaged and to institute the apj^ropriatc therapy. E-veept for tests 
of renal function, available laboratory studies of parcnch3'mal damage arc at 
best quantitatively inaccurate. The am3'loid patient should therefore alwa3'S 
be given the benefit of replacement or dietar}' thcrap}', whether or not specific 
tests indicate involved viscera. 

These therapeutic measures should be directed espcciall}' to the liver, kidnc3'S, 
adrenal glands and to the generally poor nutrition. Protein metabolism in most 
of this group is inadequate because of man}' factors, notabl}' hepatic insufficienc}', 
albuminuria, inadequate food intake and poor gastrointestinal digestion and 
absorption. Throughout the operative period, then, additional protein in the 
form of amino acids is indicated. During the immediate postoperative period, 
plasma transfusions, as well as those of whole blood should bo helpful. As 
Elman ( 18 ) has pointed out, whenever additional electrolytes, carboh3'drates 
and water are required to maintain dail}' needs, amino acids are also indicated. 

While the salt available in infusions is usuall}' adequate to support adrenal 
glands moderately involved b}' am3'loidosis, it is probabl}' insufficient for those 
glands in which advanced damage has occurred. Therefore, at the risk of insti- 
tuting unnecessar}' medication in some eases, it would probably be judicious to 
utilize replacement adreno-cortical thcrap}' in ever}' patient in whom a congo 
red test is positive, at least during the operative period. 

CONCLUSIONS 

In order to evaluate the problems of the patient with am3'loidosis who is in 
need of major surgeiy, we have studied 8 G patients, half of whom were operated 
upon prior to, and half following the development of generalized am3'Ioidosis. 
There was no marked difference between the two groups either in the number of 
deaths attributable to am3'loidosis or in the amounts of am3'loid present. In 
fact, there were slightly greater amounts of am3doid and a slightl}' greater num- 
ber of deaths from amyloidosis in the group rvliich was free of such depositions 
prior to sui-geiy. 

While the operative procedures apparent!}' had little affect on the am3'loidosis, 
the latter may have had some effect on the surgical results, reflected by the 14 
deaths in group A which occurred within three weeks of operation. In 2 of 
these the combination of operative trauma and extensive damage of viscera by 
amyloid was probably responsible for exitus. In the remaining 12 the cause of 
death was indubitably the far advanced pulmonary pathological changes. In 
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other words, except in these 2 cases and one who died two months postopera- 
tively, major surger}’- was justified in respect to am 3 ’-loidosis, although the 
pulmonar}’- disease was apparentlj” too extensive to be operatively remediable. 

Resorption of amjdoid being onlj’’ rareb’- possible, the ideal treatment must be 
aimed at prevention by eradicating the underlying infection. This must be 
done either before the amjdoid has been deposited or before it has progressed to 
irreparable visceral damage. For this reason, earlj' diagnosis is essential and 
everj' patient in whom control of the basic disease is at all possible should have 
serial congo red tests performed, 'i^^ien such a test is positive, more energetic 
treatment is imperative; this, in the tuberculous, usually being surgical. For 
ever}' additional month which the patient exists with a positive Congo red test 
and uncontrolled basic disease, there is additional amyloid damage, usually 
irreparable, to his parenchsunatous organs. 

The decision to operate, therefore, must depend upon whether or not the 
underl 3 ’'ing infection can be controlled. The presence of amyloidosis must be an 
added indication rather than a deterrent. With evidence of renal or other 
\dsceral impairment, surger 3 '' becomes obligatoiy for, although these patients 
are poor risks, eradication of sinuses and arrest of infection are their only hope 
of escaping death due to amyloidosis. 

The patient with minimal am 3 ’'loidosis or even moderate, according to our 
pathological classification, is probably no greater surgical risk than the patient 
without amyloidosis. 'NATion the condition is advanced, however, his chances of 
surviving the complications which may develop will depend in large measure 
upon the supportive therapy which can be supplied his damaged viscera. 

SUMMARY j 

The stud 3 ’- of the results of major surgery in a group of amyloidotic patients 
has revealed: (1) that the prompt recognition of anyloidosis is essential; (8) that 
am 3 doidosis is not a contraindication to major surgery; (5) that by temporizing 
with more consenmtivc therapy the opportunity of saving the patient is likely 
to be lost; and (4) that major surgery must be accompanied by energetic suppor- 
tive treatment of damaged viscera. 

For tlie early recognition of amyloidosis not only the routine use of a single 
Congo red test on ever3’’ tuberculous patient but serial testing, as well, is essential. 
As soon as the diagnosis of amyloidosis is made, energetic treatment of the under- 
l 3 "ing infection is imperative. Even if the more conservative methods of in- 
ducing pulmonary rest may, over a prolonged period, arrest the infection, their 
beneficial effects are likely to take too long to avert an am 3 doidotic death. The 
surgical results in this group of “poor risk” patients can certainly be improved 
if more intensive treatment of the extrapulmonary viscera by amino acids, 
plasma, whole blood, saline, glucose and adi-eno-cortical hormone is instituted. 

SUMARIO 

■ El estudio del resultado obtenido por la cirugla mayor en un grupo de amiloidd- 
ticos reveld que: (1) el reconocimiento rapido de la amiloidosis es indispensable; 
(2) la amiloidosis no contraindica la cirugia mayor; (3) la contemporizacidn 
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con la torapdutica mds conscrvadora cntrafia cl ricsgo dc perdor la oportunidad 
do salvar al ciifcrmo; y (4) la cirugla mayor dcbe acorapauai-so devigoroso 
tratamicnto tdnico de las vfsccras afcctadas. 

Para el rcconocimicnto tomprano dc la amiloidosis, cs indispensable no tan 
sdlo cl emplco sistcmdtico dc nna prueba aislada con rojo del congo en todos 
los tuberculosos, sino igualmente la comprobacidn seriada de todos los casos. 
Apenas sc liace cl diagndstico sc inipone cl tratamicnto endrgico de la infeccidn 
subyacente. Aunque los mdtodos mas conscrvadorcs dc obtener el descanso pul- 
raonar pueden estacionar la infeccidn al cabo do un periodo prolongado, es 
probable que el bcncficio llcguc demasiado tardc para impedir la rauerte por 
amiloidosis. En cstc gmpo de "malos riesgos”, puede mejorarse con segiiridad 
el resultado qnirurgico, instituyendo tratamicnto mas intenso de las visceras 
extrapulmonarcs con aminodcidos, plasma, sangre Integra, solucidn salina, 
glucosa y hormona corticoadrcnal. 
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Hycodan, ^Yhich recently was released for sale in the United States, was pro- 
duced in order to obtain a cough sedative stronger than codeine but less dis- 
agreeable than morphine as far as side-effects and the danger of habituation are 
concerned. 

H 5 'Codan is the bitartrate salt of dihydrocodeinone. The latter has been used 


in German}’ under the name Dicodid. 
medical literature. 

CII, 

i 

Metliylmorphinc = Codeine N 



It received favorable reports in German 
CH, 

I 

N Dihydrocodeinone = 
/ I Hycodan 


H. H CHi 



As the structural formulae show, dihydrocodeinone differs from codeine, that is, 
methylmorpliine, by a change at the C6-atom. There the alcoholic hydroxyl 
group is replaced with a ketonic oxi'^gen, so that Hycodan belongs to the mor- 
phine ketone types, of which Dilaudid (dihydromorphinone) is another example. 
Such changes at the C6-atom of the morphine formula generally strengthen the 
potency of a morpliine derivative, thus intensifying the characteristic physiolog- 
ical and toxic morphine actions, while at the same time shortening the duration 
of the drug effects. Yet dihydrocodeinone differs from the morphine and codeine 
formulae also in another respect. It is a hydrogenated codeinone. While the 
replacement of the hydroxyl group at C6 by a keto-oxygen effects increased 
activity (implying stronger sedative and analgesic action), the removal of the 
adjacent double bond by addition of two H-atoms effects reduced toxicity and 
again increased analgesic action. These effects of hydrogenation have been 
demonstrated in animal experiments by Eddy (1) and Eddy and Reid (2). It 
was shown in cats that the ratio of the analgesic dose of dihydrocodeinone to that 
of codeine is twice as great as the ratio of the respective toxic doses. 

These pharmacological characteristics give Hycodan a favorable position 
among the morphine derivatives. A brief survey of its actions on various organs 
and systemic fvmctions may now follow. 


EFFECT ON RESPIRATION 

Pharmacological studies and clinical experiences indicate that Hycodan does 

* From the Division of Pulmonary Diseases, Montefiore Hospital for Chronic Diseases, 
New York, New York. 

* Hycodan was supplied for this study by the courtesy of Endo Products, Inc., Rich- 
mond Hill, New York. 
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not depress the respirntoty centre to sucfi n decree that its tliorapciitic usefulness 
ns n couRh remedy and ns a general sedative would he impaired hy its depressant 
action. In thcraiieutic dosc.s it works a.s a resjiiratorj’ fiodalivc, like morphine 
which, in doses up to 15 mg., quiets rapid and doepen.s shallow breathing. Wright 
and Barbour (4), who studied the rc.spiratory effect of morpliino and several of 
it.s liydrogenatcd derivatives in rabbits, found the minimum effective do.se re- 
ducing the re.s[)iraforj' activity to be for morphine 0.32 mg. per kilogram, and for 
dihydrocodeinonc 0.21 (o 0.3 ing./kg. They recorded (lie rcspir.atory rate, the 
minute volume and tlic sensitivity to stimulation by carbon dio.\ide. 

As we shall sec later, a llycodan dose of 5 to 10 mg. is required in clinical use. 
The usual do.sago of morphine for the sedation of cougli and pain is 10 mg. Thu.s 
comparing the respiratory activity and the therapeutic do.scs of morpln'ne and 
Hycodan, the latter doc.s not appear to be a con.«idcrabIy more active depressant 
of rc.spiration, in spite of the general incrca.se in its activity as usually associated 
with changes at the CO-atom of the morphine .structure; and it does not require 
a dosage wliich would affect resjuration more than the average morphine dose. 

CAKDIOVASCULAn AND GASTnOI,S-Tr,STIN'AL EFrUCTS 

The effect of Hycodan upon the cardiovascular system is insignificant, like that 
of other morphine derivatives, as long a.s therapeutic do.scs arc employed. The 
morpl)ine alkaloids stimulate the vagus centre and thereby the vagal inhibitor}' 
actions. Therapeutic doses slow the rate and incrca.se the fulness of the pulse. 
Higher doses produce not only bradycardia but also conduction disturbances, as 
was shomi c.xperimcntally. German workem u.'^cl dihydrocodcinone in doses up 
to 20 mg., and also by injection. Tijcy did not report any cardiovascular dis- 
turbances. 

The nauseant and emetic effect of morphine and its related drags wliich is 
caused by their action upon t))o 'vojniting centre, but also by a pylorospastic ac- 
tion, is well enough knouTi. In larger doses morjihine and its dcrii'ativcs work as 
anti-cmctics. Early German reports cinph.asizing that dihydrocodemone has 
slight gastrointestinal .sidc-cffccf.s appear substantiated by the studios of Edd}' 
and Reid. These workers compared morphine, dihydromorphinone (Dilaudid) 
and dihydrocodeinonc. IWiilc t he other dru^ produced vomiting in small doses 
and, after an apomorpluno injection, suppressed it in five to ten times stronger 
doses, diliydrocodcinonc, tliough producing nausea, did not cause vomiting ov'cr 
the range of the dosage employed. Yet a relativcl}' low dose of dihj'drocodeinonc 
was found whicli complotcl}' suppressed the emetic effect of a preceding apo- 
morphine injection. These c.vpcriments, performed in cats and dogs, showed 
that dihydrocodeinonc has a relatively sliglit stimulating effect on the vomiting 
mechanism, while being capable of depressing it markedl}'’. 

The pylorus as well as the intestinal musculature responds to morphine alka- 
loids with a tonic spasticity. This, along vith a sloimg of the rhytlimic and 
propulsive movements and with a decrease of gastric, pancreatic and biliarj'- 
secretion, impairs the absorption of foodstuffs and the expulsion of the feces. 
No pharmacological evidence seems to be available prorung that Hycodan has a 
weaker intestinal effect than morphine. However, the clinical reports of Roller 
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(5), Schindler (G) find other German observers assert that no constipative effect 
resulted from the administration of dihj'drocodeinone. In our own clinical ex- 
IHjrience the constipative effect of Hycodan appeared much weaker than that of 
morphine and ccrtainlj' not stronger than that of codeine. 

ADDICTION LIABILITY 

The evaluation of any morpliinc derivative must be concerned with its addic- 
tion liability. Himmclsbach (7, S), among other workers, has studied clinically 
the dependence action of a large series of morpliine and codeine derivatives rep- 
resenting various important structural changes of the morpliine molecule. With 
none of the cmploj'ed derivatives did he find a definite decrease of the potency or 
duration of the dependence action. In another paper Himmelsbach (9) proved 
that not even codeine can be considered a nonaddicting drug, though many 
physicians seem to think so.® 

H}’Codan does not seem to occupy an unfavorable position among the morphine 
alkaloids as far as habituation is concerned. Eddy and Reid (2), in experiments 
with dogs and monkej’s, found that dihydrocodeinone did not develop any 
noticeable tolerance before the ninth week of the experiment. Onl}’^ then had the 
dose to be increased in order to rc&tablish the initial depressant effects. In con- 
trast to tills, the initial effects of morphine, and similarlj’- of dihydromorphinone 
(Dilaudid), disappeared after eight days of drug administration as a result of ac- 
quired tolerance. Higher doses did not reproduce the drug symptoms in propor- 
tion vith the increase of the dosage; and the symptoms again subsided after only 
six days of continued treatment. Withdrawal symptoms were least vith dihy- 
drocodeinone 

Since both the increase of dosage due to acquired tolerance and the severity of 
withdrawal (abstinence) symptoms are essential factors in the development of 
drug addiction, these animal experiments seem to indicate that Hycodan does not 
possess a liigh addiction liability. Clinical experiences in man are in accordance 
■with these animal e.xperiments. 

CLINICAL REPORTS 

Clinical reports on diliydrocodeinone appeared in German literature under'the 
name Dicodid. Schwab and I^rebs (10) found it satisfactory as a cough sedative 
in cases of pulmonarj’- and laryngeal tuberculosis, chronic bronchitis and bron- 
chitis of congestive heart failure. The amount of sputum was not reduced by 
the drug. Two daily doses of 10 rag. also assured a quiet night’s sleep. Pain 
was well relieved in bronchial carcinoma, pneumonia and syphilitic aortitis. 
While these observers have not seen signs of habituation, Hecht (11) noted eu- 
phoric action and habituation symptoms. Hecht otherndse reports that his 
patients preferred dihydrocodeinone to codeine and found it more effective in 
cough sedation than eucodal, paracodine and pantopon. Castelhun and Lang- 

’ He used codeine as a substitute after withdrawal of morphine. No abstinence symp- 
toms appeared. They set in however when codeine, too, was abruptly discontinued. Then 
the clinical picture “was not different remarkably from that seen after abrupt morphine 
deprivation.” 
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heinrich (12) obtained complete sedation of cough in all their cases and the effect 
of dilivdrocodeinone on pain was equal to that of morphine, both as to degree 
and duration of the effect. The}' emphasize the raritj' of pylowspastic symptoms 
after the use of this drug. Roller (5) and Scliindler (6) irere completely satisfied 
■with the cough sedation and haxre never observed a constipative effect. "When 
taken during the day, the drug never produced dro^vsiness and fatigue. Schind- 
ler (6) used it for pre-endoscopic sedation. Ambulatory patients -were able to 
wallc home after their endoscopy -^vhen dihydrocodeinone had been injected. 
This they were unable to do after morphine or pantopon sedation. 

oun ovrx clinical experiences 

Hycodan has been used since hlarch, 1943 in the Di\'ision of Pulmonary Dis- 
eases in Montefiore Hospital. The total number of Hycodan tablets dispensed 
in the Hospital between March, 1943 and May, 1945 is 13,000 tablets of 0.005 g. 
each. No toxic or notably harmful effect has been reported. Our first obseira- 
tion of the clinical effects of Hycodan was based on (i) the recordings by the 
nurses on the patients’ charts, (2) the statements of the patients, (S) impressions 
gained by our house-staff ph 3 'sicians. This first observation comprised 26 
patients ■n-ho received Hycodan between March, 1943 and March, 1944. The 
diagnoses of these cases were: chronic exudative or fibroca\’itar}’- pulmonar}' tu- 
berculosis, 11 cases; chrome fibroca%ntar 3 ’’ pulmonar}' tuberculosis "with tuber- 
culosis of the Iar}mx, 2 cases; chronic pulmonary tuberculosis with empyema, 2 
cases; chronic fibrotic pulmonar}' tuberculosis ■with emph}’sema and asthmatoid 
bronchitis, 2 cases; bronchiectasis, 2 cases; bronchogenic carcinoma, 6 cases; 
Boeck’s sarcoidosis, one case. 

Appraising the Hycodan effect on cough, we found it completel}' satisfactory 
in 27 per cent of our cases. In 5S per cent of the cases, we classified the effect as 
markedly better than that of the preceding medication (codeine, dionin or Do- 
ver’s powder); we found it only fair, but still more effective than the previous 
medication had been, in 15 per cent of our patients. In no case was the cough 
sedation by Hycodan, compared ■with other cough sedatives used before, less 
effective or only equal. It is, for instance, certain that Hycodan in a dosage of 
5 to 10 mg. was more effective than codeine in a dosage of 30 to 60 mg., or dionin 
in a dose of IS to 22.5 mg. Patients told the house pfij^sicians that Hycodan 
helped their cough when codeine had become unsatisfactory . 

liTien taken at night, Hycodan also seemed to improve sleep. Its effect on 
dyspnea equals the helpful action, by central sedation, of morphine md other 
related drugs. In asthmatics, however, the value of these drugs is always 
dubious and this applies to Hycodan as well; bronchospasm is not alleviated by 
morphine alkaloids; their merit in the relief of asthma, when combined ■with 
epinephrin, is due to central sedation and possibly to some suppression of 
bronchial secretion. 

No drowsiness was noted in this series when Hycodan was taken during the 
day. We have not observed any euphoric action and in none of our cases could 
habituation or dependence be noted during the period of observation. The drug 
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was taken for i>criods of several months to one year. Intermittent administra- 
tion of other drugs was well accepted by the patients. The single dose was 1 to 
2 tablets, that is, 5 to 10 mg., and never higher; continued administration never 
required increasing dosage. 

We did not give Hycodan by injection. On oral administration, no habit 
fonnation w.as observed. Not only codeine, but also barbiturates and other 
drugs free of opiates could be substituted for H3’codan and this substitution was 
alwaj-s well accepted by the patients. One patient refused to resume codeine 
after the use of Hycodan; but this appeared justified by his explanation that 
codeine had not helped him as well as Hj'codan. Yet we want to emphasize that 
neither the methods used in clinical obsen'ation nor the duration of our test pe- 
riod could scr\'c .ns sufficient evidence to pronounce Hj’-codan a non-habit-forming 
dnig. v\s shown before, none of the morpliine derivatives in use is reallj’- non- 
addicting. Ilj-codan, however, has the advantage of a relatively low addiction 
liabilitj-. 

No toxic cftccts were noted in this series of cases. Tliis agrees n-ith the German 
reports. The German clinicians used a maximum dose of 20 mg. in axceptional 
cases, and Schindler considers this the highest permissible dose. It sometimes 
caused not drow.'^incss, ns might be expected, but a state of excitation. 

No constipative effect of Hj'codan was recorded in anj’’ of these 26 patients and , 
no laxatives were necessitated bj' its use. One patient who had been constipated 
under codeine treatment did not need laxatives any more when Hycodan was 
given for his cough sedation. 

After the follow-up of these 26 cases we selected the small number of 9 cases for 
a closer stud}' of Hycodan effects. In this series, one of us (P. L.) saw and ex- 
amined cverj' case personally and regularly and all pertinent signs and symptoms 
were recorded daih' throughout the twenty-three-day period of observ'ation. 
For the purpose of comparison, the patients were observed (1) when no cough 
sedative was given; (5) when codeine, (5) when Hjmodan was taken. A second 
codeine period followed, so that we and the patients were better able to compare 
effects of codeine and Hycodan and also in order to ascertain that codeine, when 
resumed after a period of Hj'codan medication, was not less effective than before. 

The results of this close observation are summed up in table 1. Doses of 
codeine or Hj'Codan are not mentioned in this table. However, it is to be imder- 
stood that in everj- case the dosage of Hj’-codan was one-third of the codeine 
dosage, so that 0.01 g. Hj’-codan was taken bj’- patients whose codeine dose had 
been 0.03 g. ; and 0.015 g. Hycodan was substituted for 0.045 g. codeine. Several 
patients have received codeine by injection, wliile Hycodan was given exclusively 
by the oral route. This probably, to some degree, gave an advantage to codeine 
in its comparative effect. 

According to our table, the weaker Hj’^codan dose was superior to the stronger 
codeine dose in 6 of the 9 patients as far as the relief of cough is concerned. No 
difference in the effect on sleep was obser\^ed. 

The amount of sputum -was considerably influenced by both drugs, with the 
exception of one patient in whom the reduction of expectoration was insignificant. 
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In 4 of the remaining 8 cases the amount of sputum was more markedly reduced 
bj’’ Hycodan than by codeine. We do not believe that this can be ascribed to 
sputum retention. Such marked retention would most likely have caused fever 
within a few days and would also have caused our “experienced” patients to 
complain of troubles associated with insufficient e.\pectoration. Actually only 
one patient felt “tight” and this occurred on codeine. The fact that morphine 
derivatives are Itnown to be suppressors of broncliial secretion obviously accounts, 
at least to a large degree, for this remarkable reduction of sputum. 

The sedative effect of Hycodan, beside the sedation of cough, appeared stronger 
than that of codeine. One patient felt slightly drowsJ^ Four of the 9 patients 
experienced a marked day-time sedation when taking Hycodan which, however, 
was present only during the first four days of Hycodan treatment in one patient, 
during the first thi-ee days in one patient, and only on the first day in another one. 
The one patient who felt “slightly drowsy” showed marked day-time sedation 
throughout the period of Hycodan administration. 

No notable effects on temperature, blood pressure and pulse rate could be 
observed in any case, either on codeine or on Hycodan. 

•No unusual ssmiptoms occurred except “a feeling of warmth and perspiration” 
■wliich was reported by 2 patients on the first daj’- of Hycodan administration, but 
not subsequently. No nausea occuired, whether codeine or Hycodan was taken. 

As regards constipation, our impression that Hycodan has no significant con- 
stipative effect has been verified by the close follow-up of these 9 patients. In 
no instance did constipation develop at any time during the period of Hycodan 
administration. One nonconstipated patient became constipated on codeine 
but was free of it on Hycodan. One patient had been constipated not onl}’' while 
talcing codeine but also while he was kept without any medication. 

SUMMARY 

Hycodan (dihydrocodeinone bitartrate) can be characterized pharmacolog- 
ically as a more active analgesic and cough sedative than codeine, but a less active 
one than morphine. It shoves a favorable ratio betw^een analgesic and toxic 
effects and has a relatively low addiction liability. In therapeutic doses, it does 
not produce vomiting and its constipative effect appears to be iasignificant. 

Hycodan has been used on the w^ards for pulmonary diseases in Montefiore 
Hospital. The clinical results are in accordance with the pharmacological re- 
ports. Hycodan proved to be highlj'- effective in sedation of cough and in the 
alleviation of pain. 


suaiARio 

Farmacoldgicamente, puede caracterizarse al “Hycodan” (bitartrato de dihi- 
drocodeinona) como un analg&ico y sedante antitusivo mds activo que la codeina, 
pero menos que la morfina. Dotado de un equilibrio favorable entre los efectos 
analgdsico y tdxico, muestra relativamente poca propensidn a engendrar narco- 
mania. A dosis terapeiiticas no produce vdmitos y su efecto astringente parece 
ser insignificante. 

El “Hycoddn” ha sido utilizado en las salas dedicadas a afecciones pulmonares 
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en el Hospital Montefiore, concordando el rcsultado cllnico con los inforraes 
farmacoldgicos. La droga rcsultd ser muy cficaz para calmar la tos y aliviar 
el dolor. 
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DEPTH GROWTH OF ACID-FAST BACILLI IN LIQUID MEDIA^ 

I. Technique 
W. F. DREA 

Certain strains of acid-fast bacilli will grow in the depth of a liquid synthetic 
culture medium when as little as 10“' to 10“® mg. of the bacilli are planted. 

The growth of tubercle bacilli when submerged in a liquid culture medium more 
nearly approximates the growth of the bacilli in living animal tissues than does 
growth on the surface of a medium exposed directly to the atmosphere. 

It would appear, therefore, that depth culture experiments in liquid synthetic 
media are of importance in the search for any required accessory growth factors 
for certain already established strains of tubercle bacilli and especially for the 
growth of bacilli directly from tuberculous tissues and sputa. 

Also, depth culture studies of probable chemotherapeutic agents added to 
liquid sjmthetic media as well as to more complex media such as blood serum or to 
mixtures of liquid sj-nthetic media and serum or other complex biological sub- 
stances should be of value. 

In the remainder of the paper “liquid sjmthetic medium” will be referred to as 
S.M. and, unless otherwise stated. Long’s (1926) is implied. 

Calculated amounts of the bacilli ranging from 10-‘ to 10~® mg. are dropped 
into the S.i\'I. .If, after sufficiently long incubation at 37°C., only considerably 
larger amounts of bacilli yield growth in the B.M. than on egg-yolk media, such 
as Coi-per’s (1933), a search using this technique can be made for the gro-wth pro- 
moting factor or factors in the egg-yolk. 

Antibacterial properties of various substances can be similarly investigated; 
the complex with kno^^•n, unknown or unrecognized chemical molecules and the 
chemical compounds Math well defined structures. In this way, some informa- 
tion may be secured about probable chemotherapeutic agents. A preliminary 
study can be made by determining the smallest concentration of the material in 
decimal dilutions in the S.M. that will prevent growth of a knovm amount of 
bacilli, the same amount of bacilli growing in the next weaker decimal dilution 
and in the control medium. If more detailed studies are indicated, concentra- 
tions between the decimal dilutions preventing and permitting growth can be 
prepared and amounts of bacilli ranging from lO-i to 10“® mg. planted in this as 
well as in the controls. This method of antibacterial investigation was employed 
by Drea (1944) wdio used the H37 strain of bacilli. One advantage of planting 
10“® mg. of bacilli of the H37 strain in 20 ml. of Long’s S.M. is that 1 ml. of this 
agitated planted medium containing about 5 X 10“®mg./ml.may be retransplanted 
to fresh S.M. and produce growth. Therefore, the bactericidal as well as the 
bacteriostetic properties of added substances can be readily determined for a 
strain of bacilli such as H37 which consistently produces growth when amounts 

* From the Laboratory of the Colorado Foundation for Research in Tuberculosis at 
Colorado College, Colorado Springs, Colorado. 
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as small as 10~^ mg. are planted in the S.M. Since 10~® mg. of bacilli represent 
about 10° bacilli, it would appear that we have here a sufficiently large number 
of well dispersed bacilli to work with at least in preliminarj" studies. Heavier 
suspensions than 10~° mg./ml. are likel}'^ to Imve more and larger clumps of bacilli 
and these together with the larger number of bacilli, if much more than 10~° mg. 
bacilli are planted, maj' interfere witli the findings. On the other hand, it may 
be desirable to plant considerably less than 10~° mg. of such a strain as H37 not 
only in antibacterial but also in growth promoting factor studies. 

Improperly cleaned glassware or the introduction of verj’ small amounts of 
e.xtrancous contaminating substances into thoroughly cleaned glassware maj' pre- 
vent the growth of small numbers of the bacilli at the bottom of the S.M., even 
though relative!}' large numbers of the bacilli grow under the same conditions 
(Drea, 1942). It seems desirable to describe the teclmiques now used by the 
writer after five years of this kind of investigation. 

CLEANING OF GLASSWARE 

All glassware that has been in contact with bacilli is sterilized in the autoclave. 

The pyre.x Erlenmcycr culture flasks are then rinsed vigorously with hot tap 
water to rid them of gross amounts of bacterial cultures. Tlie rinsing also tends 
to wash away any substances, antibacterial or growth promoting, that may have 
been added to the culture medium. Flasks containing agar, pectate, paraflm, 
etc., are cleaned separately from those not containing them. The flasks are then 
immersed in a hot water solution of the following: 0.7 per cent sodium metasili- 
cate (Metso Granular), 0.07 per cent tetra sodium p}Tophosphate and 0.07 per 
cent trisodiura phosphate. It will be noted that this cleaning solution contains 
no aliphatic carbon chain compounds such as soaps, some of which when present 
in very small amounts in S.M. can prevent the growth of small numbers of tu- 
bercle bacilli (Drea, 1944). The detergent solution with the immersed flasks is 
brought to boiling point (92°C. at the altitude of this laborator}') for one hour, 
and then allowed to cool to room temperature. After about twenty-four hours, 
cold tap water is run into the enameled pail, to float out the loosened debris, 
paraffin if present, etc. The flasks are then removed, rinsed four times with cold 
tap water and inverted to drj'. 

All other glassware with the exception of the pipettes is similarl}' cleaned. 

The prolonged immersion of the glass in the detergent solution at room tem- 
perature following the boiling period not only helps in the cleaning process but 
also should help to remove substances previously "dissolved” or adsorbed by the 
glass. 

The glassware, following the above treatment, is very clean and requires no 
swabbing of the inner walls. Our tap water contains only small amounts of dis- 
solved material and it has not been necessar}' to make the final rinsings TOth dis- 
tilled water for much of the work done by the writer. If the tap water is very 
“hard” it may be "softened” with Zeolite as advised by Gaddis (1942) or it may 
be deionized with synthetic resins as exchange adsorbents (Gaddis and Kubina, 
1943). 



DEPTH GHOWTH OP ACID-FAST BACILLI 


355 


Where indicated, the final rinsings sliould be done with distilled or redistilled 
water. 

The required actual working time for the described cleaning is no greater than 
is necessarj' for what is usuallj' considered good cleaning. 

In certain types of investigations it ma}’’ be advisable to use acid oxidizing 
solutions for cleaning the glassware. 

The HNOj -f HiSO* mixture recommended by Tobie (1941) and the KNO3 + 
HjSO< solution advised by Laug (1934) are very effective. They have the merit 
of not introducing Cr into the glassware as happens when dichromate acid solu- 
tions are used. There have been reports calling attention to the harmful effects 
on the growth of oi^anisms by Cr retained bj' glassware cleaned with dichromate 
acid solutions (Richards, 1935). The writer, influenced by these reports and also 
by the cardinal rule that ci'cn traces of substances not planned for in culture 
media should not be knovdngly introduced in such studies as these if they can be 
avoided, depended, during his earlier work, solelj’^ on the HNO3 mixtures when 
acid cleaning was thought to be desirable (Drea, 1942). 

The HNO3 solutions are objectionable because they give off harmful fumes 
when heated or when water is added as in rinsing. Proper precautions may be 
taken against the fumes but it may be inconvenient, especially when large num- 
ber of pieces of glass are to be treated. For this reason it was decided to investi- 
gate the effect of Cr on the growth of the H37 strain in S.M. 

Each of the following was investigated by itself after adding it to the S.M.; 
acid cleaning solution (500 ml. of a saturated solution of K 2 Cr 207 in water and 
800 ml. of concentrated crude HjSOi), CrOs and K 2 CRSO 7 . It was found that 
10 “^ per cent of the dichromate acid solution, 10 ~^ per cent Cr 03 and 10 “* per 
cent K 2 CR 2 O 7 permitted grovdh from 10“® to 10~® mg. of H37 bacilli and 10“^ 
per cent Cr 03 and K 2 CRa 07 , respectively, prevented grovdh. Treating the 
•culture flasks with the dichromate acid solution as in cleaning and then rinsing 
■with water resulted in no inhibition of growth from the smallest number of 
bacilli planted, the results being the same as for the flasks treated with the HNO 3 
solution. 

It is apparent that no growth inhibition of the H37 strain results from dichro- 
mate acid cleaning of the culture flasks. Wliile the possible cumulative effect of 
Cr from repeated growth experiments and dichromate acid cleanings has not been 
especially investigated, no indication of it w^as noted during one period when this 
method of cleaning was employed. It would seem that the prolonged immersion 
of the flasks in the detergent solution previously referred to would counteract 
any tendency to cumulative adsorption or dissolving of Cr by the glass. 

The flasks either before or immediately after drjdng may be tested for cleanness 
by filling them wdth hot tap water. If they are clean no gas bubbles will adhere 
to the glass w'alls. Adherence of glass bubbles is evidence that the inner glass 
walls are not clean. Another test is to place about 5 cc. of hot water in a cool 
dry flask. If the glass is clean, no vapor w^ill condense as very small drops 
producing a vapor pattern on the cooler wall above the hot water. Also, if the 
rounded freshly flamed end of a glass rod be rubbed against the clean glass sur- 
face, a scratching sound and resistance to the rubbing will be very noticeable. A 
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striking example of an invisible organic film adsorbed on a glass wall is evidenced 
by taking an Erlenmeyer flask that answers the above mentioned requirements 
for cleanness, plugging it with cotton and heating it to about 150°C. in a hot air 
oven. Tests will demonstrate on the inner wall an organic film produced by 
adsorption of distillates from the cotton. 

The washed and dried pipettes are cleaned by immersing them in the HNO3 + 
H2SO4 mixture at room temperature for twenty-four hours and then washing 
with water. 

TECHNIQUE FOR PLANTINQ AND GROWING THE BACILLI 

Twenty ml. of S.M. are placed in 50 mi. pyrex Erlenmeyer flasks which are then 
covered with loosely fitting aluminum or pyrex glass caps, preferably the latter. 
The aluminum caps were cleaned by boiling for one hour in a 0.1 per cent solution 
of sodium metasilicate, allowing them to be immersed for twenty-four hours in 
this solution at room temperature and finally rinsing with water. The medium 
is then autoclaved at 115 to 120°C. for fifteen to twenty minutes. 

For greater accuracy, sterile S.M. is measured directly under aseptic conditions 
into dry flasks previously sterilized in the autoclave. 

Substances to be investigated for their gro\vth effects are dissolved in watery 
solutions, made sterile if they cannot be prepared as aseptic solutions, and added 
to the sterile S.M. in the flasks. 

Careful preparation should make readjustment of the pH (7.2) unnecessaiy. 

The bacilli are now planted. 

After planting, the tops of the culture flasks are covered with flamed aluminum 
foil of 0.0004 inch or slightly greater thickness, which is folded loosely over the 
top and neck of the flask. A small tightly embracing rubber band is placed over 
the foil just beneath the rim. The foil is then molded tightly over the rim and 
neck of the flask. Because there may be pin-point holes in the foil, it is advisable 
to smear the top surface of the foil vdth melted paraffin of G8 to 70°C. melting 
point. There will be very little evaporation during prolonged incubation. 
However, if the foil is covered all over with the paraffin and the margins sealed 
to the glass, gro^vth will take place and this is done when agar or pectate has been 
added to the synthetic medium. Another good means to prevent evaporation is 
to place a Cel-O-Seal thimble over a 0.0006 inch aluminum foil cap. In one 
experiment where this was done, the Cel-O-Seal (du Pont de Nemours) thimbles 
were rinsed first with distilled water, in order to free them of glycerol before plac- 
ing them in position. After drying, the thimbles gripped the necks of the flaslts, ■ 
squeezing tightly on the aluminum foil. Veiy few of the thimbles cracked, the 
evaporation was nil and the gro^vth from the smallest numbers of bacilli was good. 

Cotton stoppers are not used. It was reported by Drea (1942) that groniih 
inhibiting distillates from nonabsorbent cotton stoppers prevented the grovih of 
small numbers of bacilli from the H37 strain. This was especially true when the 
flasks with the cotton stoppers were sterilized in the hot air oven. There is also 
the hazard of dropping cotton debris into the medium which is objectionable in 
such studies. Impregnating the cotton with parafl3.n is objectionable, because 



DEPTH GROWTH OP ACHI-FAST BACILLI 


367 


paraffin vapors may combine or mix with cotton vapors to form objectionable 
additions to the S.M. 

PREPARING SUSPENSIONS OP BACILLI FOR PLANTING 

The rounded end of a pyrex glass rod of about 28 x 1 cm. dimensions is ground 
by means of medium coarse carborundum powder against the concave bottom of 
a pyrex tube of 1.5 x 12.5 cm. outside dimensions. The resulting pestle-mortar 
effect is good for grinding the bacilli, which is done by hand rotation of the rod. 
The bacilli are generally taken from a surface culture on Long’s liquid medium. 
Excess moisture is removed by placing the bacilli on well washed sterile filter 
paper in a sterile Petri dish. About 6 mg. are weighed accurately to within 0.1 
mg. in the grinding tube. The bacilli are ground at first with the grinding end of 
the rod slightly moistened with 10~^ per cent NaOH in water. This NaOH solu- 
tion is an excellent dispersing agent for tubercle bacilli and also has the merit of 
not introducing ions or molecules not alreadj'- present in the S.M. One drop is 
added to the bacilli and careful grinding is done to disperse the bacilli as much as 
possible. A second drop is added and the same process is repeated. Other drops 
are added intermittently followed by grinding until 7 or 8 drops have been placed 
in the tube. Sufficient 10~^ per cent NaOH solution is now added to make a sus- 
pension of 1 mg./ml. The succeeding decimal dilutions are made with distilled 
water in the suspension tubes. A different clean 1 ml. pipette is used to transfer 
each bacillary suspension to be diluted. Use of the same pipette for making all 
of the diluted suspensions may result in serious errors. The plantings are made 
by dropping into the culture medium 3 drops (0.1 ml.) of the suspended bacilli 
from a calibrated Pasteur pipette (Fildes, 1931), 

The amount planted will then be one-tenth of that present per ml. in the sus- 
pension. For example: 0.1 ml. of an estimated 10~’ mg./ml. suspension will give 
approximately 10~® mg. bacilli planted and with the H37 strain about 50 per cent 
of such plantings result in groviih. 

With vanishing small numbers of bacilli per ml. of the suspension, there will 
necessarily be no bacilli present in some of the small samples planted and one or a 
few bacilli in others. Therefore, there will be discontinuities of growth, some 
samples resulting in growth and others in no growth. This was pointed out by 
Berg (1941) and demonstrated b 3 ’’ Drea (1940, 1942). 

Growth, when it takes place, alwa 5 ^s begins at the bottom of the liquid synthetic 
medium. Later, there will be surface growth in addition to the bottom g^o^vth in 
100 per cent of the 10“i to 10~' mg. plantings inclusive, of the H37 strain. In the 
last 49 e.\'periments, 17 of the 10“® mg., one of the 10“'^ mg. and none of the 10~® 
mg. plantings produced surface giwvth. All of the plantings down to and includ- 
ing 10“'^ mg. resulted in growth. The 10~® mg. plantings produced growth from 
24 out of the last 49 plantings, which approximates the 21 out of 40 other similar 
plantings resulting in growth prcviousl}' reported by Drea (1942). 

If it should be desirable to secure bottom growth only, tw'o methods maj' be 
used for H37 bacilli. The first is to plant 10~® mg. in a number of flasks w'hen 
about 65 per cent wall have no surface growth or 10~' mg. when practically all of 
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the plantings produce onJ 3 ' bottom growth. Tjjc second method is to let 2 drops 
of a sterile mineral oil fall on the surface of the S.M. after it has been planted. 
The oil will prevent surface growth from even 10~’ mg. plantings and at the same 
time permit good growth at the bottom. This amount of oil will permit growth 
at the bottom of the medium from the smallest plantings of 10"' to 10"® mg. 
H37 bacilli that will grow when it is absent. 

DISCUSSION 

The importance of using sjmthetic culture media in the stud}’’ of required acces- 
Borj’’ growth factors is self evident. An illustration of this is provided by the H37 
strain. Egg-yolk media permit growth from as little as 10"® mg. of these bacilli. 
The S.M. to which about 2 per cent agar has been added will allow groM"th only 
■when amounts greater than about 10"® mg. are planted, smaller plantings result- 
ing in no growth. An explanation for this was that the egg-yolk contained 
groivth factors not present in the synthetic medium, and that the large plantings 
that did grow on Long’s medium plus agar carried over sufficient groiHh promot- 
ing factors from the parent culture or were able to generate them. The reason 
for using agar was that it was thought to be inert and provided a firm surface for 
the planting of the dispersed bacilli 1 x 111011 were not considered capable of groirth 
at the bottom of the liquid S.M. It was Jcnomi that small numbers of j^east cells 
would not grow in a culture medium that permitted larger plantings to grow. 
However, a S 3 'nthetic medium to which agar has been added is no longer a 53T1- 
thetic medium onl}’’, because of the highl}’’ complex and unknomi substances in 
the agar. Furthermore, the agar when added to Long’s medium does not permit 
growth from less than about 10"® mg. of the H37 strain, when all of the conditions 
set forth for the successful growth of about l/100,000fch of this amount in. the 
liquid medium without agar are obsen’-ed. The grovdli on the agar medium from 
the smaller productive plantings was also characterized b}' the absence of hap- 
hazard distribution, such as should result from chance distribution of the planted 
bacilli. It was this last named fact that, in the earlier stage of this work, in part, 
pointed to the probable inabilit}’’ of well dispersed and isolated baeilli to multiply 
on the agar and S.M. surface, when the}*^ might grow in the S.M. without agar. 
Because the H37 strain will produce groirth in the liquid S.M. when vanishing . 
small numbers of bacilli are planted, it appears safe to conclude that tliis strain 
does not require added growth factors although the}’’ ma}’’ make the growth more 
rapid or more profuse.' 

But there are strains of tubercle bacilli that do not grow in Long’s S.M. from 
such small numbers of bacilli as grow on egg-yolk media and it is for these that 
accessor}’’ growth factors may be sought. 

Emphasis has been placed upon the necessity of ver}’’ clean glassware and the 
importance of keeping out extraneous substances such as distillates from cotton 
stoppers. Wlien this work was first attempted, the p 3 Tex culture flasks were 
new and nonabsorbent cotton stoppers were used. The cleaned dry flasks and 
stoppers were sterilized in the hot air oven at ISO to 160°C. for one hour. The 
S.M. was placed in the flasks, the stoppers were replaced and the flasks with their 
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contents Avcro autoclaved at 120'’C. for twenty minutes. The bacilli were then 
jilantod, the cotton stopjiers wore lightly impregnated with paraffin of about 64;°C. 
melting jioint and incubation was started. It was under these conditions that it 
was discovered that the 1137 strain would grow at the bottom of the S.M. from 
plantings at lea.st as small as 30"® mg. (Drca, 1910). Irregular and nonconstant 
growth w.as secured from smaller planting.?. The flasks at the end of a growth 
e.vpcriment wore autoclaved, clc.ancd by the usual methods then used and again 
treated as before for further growth studies. After some time it was noted that 
growth was being limited to jdantings anywhere between 10"^ and 10”- rag. and 
that growth inhibiting substances were then present that prcviouslj'' wore absent. 
Because the growth inhibition was gradual in its intensity of development, it was 
concludefi the glass had gradually acquired, by adsorption, invisible organic 
films that inhibited the growth of small numbers o( the bacilli. Plantings of 
30"* mg. consistently grew and it was evident that sufficiently large numbers of 
bacilli could counteract the poison. ‘WOien the same fl.asks were made especially 
clean it was demonstrated that growth would occur almost without exception 
from 10“* mg. plantings and from about 50 per cent of 10“® mg., provided cotton 
stoppers impregnated with paraffin were not used. The inhibition was greatest 
when the flasks with the cotton were heated in the hot air oven and least when 
only autoclaved. 

The conclusion that the nonabsorbent cotton distillates were harmful was based 
on the following findings. Acid cleaned flasks with nonabsorbent cotton stop- 
pers were heated in an oven for one hour at 150®C. S.M. was then autoclaved 
in these cotton stoppered flaslcs at 120°C. for twenty minutes. After planting 
the bacilli, the cotton stoppers were replaced by aluminum foil or pyrex glass 
caps and inliibition of grow'th resulted. In the above experiment no paraffin was 
used at anytime. There was also inliibition if clean filter papers impregnated 
with paraffin wax of 53 to 55°C. melting point were used in place of the foil and 
glass caps of the above experiment. But if the acid-cleaned flasks w^ere not stop- 
pered with cotton at any time, there was no growth inhibition -when filter paper 
sealed with paraffin, foil or glass caps w’ere used as covers after planting of bacilli. 
The vapor and bubble tests refen-ed to before demonstrated the presence of quite 
dense, previously invisible organic films, adsorbed by the inner glass w'alls wffien 
the cotton stoppers were heated in the oven wdth the flasks. This film could have 
been produced only by the distillates from the cotton. In the absence of cotton 
there was no such film. As might be expected, the amount of growth inhibition 
was not constant, ranging in amounts preventing growth from 10"* to 10~* mg. of 
the H37 strain and w^as more pronounced previous to the time when especial 
attention w'as given to cleaning the flasks. 

Cohn (1944) confirmed the growth inhibition wffien cotton stoppers impreg- 
nated wtth paraffin W'ere used; in one out of 3 flasks there was no growth from 
10~* mg. and in 2 out of 3 there was no growth from 10~® mg. of the same strain 
of H37 of bacilli as used by the w'riter. The growth in 3 of the 6 flasks planted 
was delayed and less as compared with the flasks in w-’flich cotton stoppers were 
not used and in all of which there was growth. Colm concluded, how'ever, that 
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it was the paraffin and not the cotton distillates that was responsible, calling at- 
tention to the creeping tendencies of paraffin and the probable resulting retarded 
air or oxygen exchange between the S.M. and atmosphere. My own experiments 
using paraffin to thoroughly impregnate filter paper caps and seal them to the 
necks of flasks resulted in no inhibition of growth from the smallest numbers of 
planted bacilli. The placing of a few drops of mineral oil on the medium also 
permits growth from the smallest plantings. THirthermore, small lumps of 
paraffin, with melting points of 53° and 68°C., floated on the S.M. allowed growth 
from 10“^ and 10~® mg. plantings, the same as for the controls. 

The method of cleaning need not be that described above but it must be effec- 
tive. The sodium salts of myristic and palmitic acids at 10~^ per cent concentra- 
tions inhibited the gro^vth of lO"® mg. (about 10« bacilli) of the H37 strain (Drea, 
1944). The adsorption of molecular organic films by glass surfaces is a well 
established phenomenon. The sodium metasilicate and phosphate solution 
cannot introduce aliphatic compounds into the glassware and this is one of the 
principal reasons for its use. 

Braun (1939) advised washing the flasks with soap-water and rinsing for a long 
time with tap water. The flasks are then filled with double distilled water and 
autoclaved for two hours, as he stated, to get rid of soluble substances in the glass 
walls. The flasks are then emptied, dried, stoppered with fat-free cotton and 
sterilized for two hours in the oven at 160°C. It is interesting to note that he 
specified fat-free cotton stoppers as this reduces the varieties of possible distil- 
lates. After planting the bacilli, the stoppers are sealed with paraffin of melting 
point 68 to 70°C. 

Braun also stated that a standard of purity must be maintained in the incu- 
bator in order to prevent the admission of impurities from there into the culture 
medium. He remarked that the incubator may contain an important source of 
error, many microorganisms, including tubercle bacilli, being able to assimilate 
impurities from gaseous nitrogenous substances and carbonaceous nuclei. It is 
quite possible that at least some of the trouble attributed to the incubator by 
Braun is due to the charring, etc., of cotton stoppers, even when fat-free. The 
use of inert material for capping or plugging culture flasks eliminates the last 
mentioned risk. It has not as yet appeared necessary to take any other precau- 
tions in my work. 

The amount of depth growth is variable depending upon the numbers of bacilli 
planted, the strain, the presence or absence of subsequent surface growth, incu- 
bation time and presence or absence of antibacterial substances. It ranges from 
that which is hardly visible to that of a considerably greater amount in compari- 
son. It can be arbitrarily graded as •+• for one to 10 clumps, 4- 4- for 10 to 25 
clumps, + + + for 25 to 100 clumps and -f- }-+-f for a greater number of 
clumps. More scattered growth equivalent by estimate to the numbers of 
clumps mentioned may be similarly graded. At the end of two to three months’ 
incubation there may be present in 20 ml. of S.M. 20 mg. of depth culture, 
weighed after excess moisture has been removed, but before it has been dried. 

Cohn (1944) observed no difference between routinely cleaned culture bottles 
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capped bj”- a thin layer of cork in a screw cap and the same bottles especially 
cleaned, being able to secure depth groniih in each from 10~® mg. plantings of the 
same strain of H37 bacilli used by the writer. These culture bottles had been 
repeatedly used for growing cultures of bacilli. Either his routine method of 
cleaning is effective or no antibacterial substances were present.' But Cohn 
confirmed the findings for inhibitory effects when cotton stoppers impregnated 
with paraffin were used, concluding that the paraffin was responsible and not the 
cotton. The present writer believes he has demonstrated that it was the distil- 
lates from the cotton and not the paraffin that prevented grmvth of small numbers 
of bacilli. 

No evidence was secured that pyrogenic substances were responsible for growth 
inhibition of the H37 strain. Seibert (1923) called attention to their presence in 
some distilled waters and demonstrated that they were relatively thermostable. 
Thermogenic substances also illustrate the importance of clean glassware. Welch 
et al. (1945) found pyrogens present on the inner walls of supposedly clean glass 
ampules. They reported that the thermogenic films ma}"- or may not be removed 
by the usual washing procedures and that they are not destroyed in the autoclave 
at 120“ or at 160 to 170°C. in the dry oven. The readily adsorbed pyrogen was 
reported b5’’ them to be destroyed at 250°C. for forty minutes m the muffle fm- 
nace. The writer, in his earliest efforts to rid the culture flasks of the then 
suspected growth inhibiting organic films, relied on heating the flasks to incan- 
descence. The fired flasks allowed the smallest numbers of bacilli to grow pro- 
vided cotton stoppers were not used later. Strains were introduced into the glass 
as a result of the' high temperature and uncontrolled cooling. Spontaneous 
breakage of some of the flasks occurred even days after they had been placed in 
the incubator and this method of making the flasks growth-permitting was 
given up. 


SUMMARY 

Submerged or depth groni;h vdll take place in Long’s liquid synthetic culture 
medium wffien amounts as small as 10“’^ to 10~® mg. of H37 bacilli are planted. 

If proper standards of cleaning the glassware are not maintained, growth may 
be limited to some amount of bacilli greater than 10“’^ to 10~® mg. Almost with- 
out e.xception, 10~^ mg. of the bacilli will grow even if the glass is not thoroughly 
cleaned. 

One good method of cleaning glassware is described. 

Distillates from nonabsorbent cotton stoppers w^ere growth inhibiting and this 
became increasingly evident because of cumulative adsorption if the culture flasks 
were not thoroughly cleaned between growi;h periods. 

Paraffin, of either 54'’C. or 68°C. melting point, is not iohibiting to the depth 
growiih of the smallest numbers of H37 bacilli. 

SUSIARIO 

Sembrando hasta cantidades que no pasen de a 10~® mg. de bacilos H37, 
se formardn colonias sumergidas o profundas en el medio de cultivo sint^tico 
Hquido de Long. 
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Si no se limpia la cristalerla como precede, las colonias pueden limitarse a nna 
cantldad de bacilos mayor de 10~^ a IQ-® mg., y casi sin excepcidn proliferardn 
10“- mg. de bacilos aunque no estd bicn limpia la cristalerla. 

Descrlbese aqul una buena tdcnica para la limpieza de la cristalerla. 

Los destilados de tapones de algoddn inabsorbente inhibieron el desarroUo 
bacillar, lo cual se puso cada vcz mds de manifiesto debido a absorcidn aciunula- 
tiva si no se limpiaban perfectamente los balones de cultivo entre los perlodos de 
siembra. 

La parafina de un punto do fusidn, ya de 54°C. o 68°C., no inhibe las colonias 
profundas de las cantidades mds pequefias de bacilos H37. 
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DEPTH GROWTH OF AGED-FAST BACHLI IN LIQUID MEDIA' 

II. Study of Various Technical and Theoretical Aspects 

W. F. DREA 

The technique described in paper I should result in 100 per cent of 10“' mg. 
and about 50 per cent 10“® mg. plantings of the H37 strain of human tubercle 
bacilli, producing depth grotvth when incubated at 37®C. in the liquid synthetic 
culture medium of Long and Seibert (1926), to be referred to as S.M. in the text. 
The follo\ving is a study of various technical and theoretical aspects of such 
grmvth. 


EFFECT OP -SEVERAL DIFFERENT WATERS IN THE S.M. 

The following kinds of water were used in making the medium: sterile fraction- 
ally distilled water free from pyrogens (Abbott Laboratories), Colorado Springs 
drinkingwater as it came from the tap, the latter water evaporated to one-tenth of 
its volume and the same drinking water once and tuace distilled. The distilled 
waters were used before and after they had opportunities of developing pyrogens. 
All of these permitted growth of the H37 strain from 10“' to 10“* mg. plantings. 
A spectrographic analysis of the di-inking water had previous^’’ demonstrated the 
presence of the following elements in “traces”: Al, Ba, B, Cr, Cu, F, Fe, Pb, Mn, 
Mo, Si, Ag, Sr, Ti and V (Drea, 1935). 

Weight of depth groioth in S.M.: The mass of bottom growth was determined 
only from those flasks which had no surface growth in addition. Distilled water 
was slowl}'- poured into the flasks until the latter were almost filled. After the 
scattered culture had settled more water was added until a few ml. had gently 
flowed over the brim. The contents were then filtered through Eaton-Dikeman 
j^?850 filter paper, which is lintless, tight and hard. Four additional washings 
of the flasks were made with 5 ml. of distilled water to insure the removal of all 
the culture, each wash water passing through the filter before the next was added. 
In this waj"-, any mineral oil added to prevent surface grondh and gross amounts 
of dissolved substances in the culture medium were removed. 

After nearly all of the final wash water had passed through the filter paper, the 
latter, -n-ith the bacilli on it, was removed from the funnel and placed on absorb- 
ent paper to remove most of the remaining liquid. The culture ivas then scraped 
off from the paper with the fire-smoothed end of a microscope gla.ss slide and 
transferred to a tared watch glass which was placed in a dry incubator at 37°C. 
for twent 3 ’--four hours. It will be noted that the bacilli were not sterilized before 
weighing and that precautions must be taken to prevent contamination of the 
laboratoi-y b}^ the live bacilli. It also seemed desirable not to drj' the bacilli at 
approximately 100°C., the usual procedure for getting rid of moisture. 

The results of one experiment arc recorded in table 1. TSvo drops of mineral 

* From the Laboratory of the Colorado Foundation for Research in Tuberculosis at 
Colorado College, Colorado Springs, Colorado. 
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oil (Nujol) had been added after all of the KH mg. and after some of the 10~* mg. 
plantings in order to prevent surface gro'vvth. 

The plantings of the H37 bacilli Avere made in 20 ml. of S.hl. contained in 50 
ml. Erlenmeycr pjTex flasks, the tops of which were closed by tightly wrapped 
aluminum foil which was not scaled to the glass. Each weight recorded is the 
average of 5 cultures. 

A transplant from a seventeen month old culture to fresh S.M. resulted in good 
groudh. 

Tlie amoimt of surface growth after thirty-four daj's’ incubation when the 
cultures appeared to be at their maximum, following surface plantings on the 

TABLE 1 


Weight of depth cultures of 1157 ire £0 ml. of Long’s medium. Cultures vashed mth distilled 
vatcr and dried at ST^C.for twenty-four hours 
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No oil 

24.4 
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10-* 

No oil 

25. S 

17 

10-* 

No oil 

2S.S 


p.amo amount of S. M. in simitar flasks after treating and drj'ing in the same way 
as for the depth growths, gave an .average of 276 mg. for G cultures. 

The sm.all amount of mineral oil on the surface of the .S.M. permitted incre.oso 
of growth up to six months, the time limit of the oil fdm studies. The oil film 
cultures, however, were .^mailer from the iQ-* mg. plantings than from the .«amo 
amounts of b.acilli planted without .an overlying oil film, pow^ibly because tlio 
oxygen exchange between the atmosphere and the depth of the culture medium 
v.’.as ohstmetfsi by the oil or by prol)able reaction prcxlucts of the oil .and fuih- 
.Ktarsces, metabolic or other.vi=e, in the culture medium. It is rjuito probable, 
abo, that Inniting th.e oil to sterili:.' it may make it less grov/th-permitting, as 
there .aoc so;:)'' Indic-atirin*^ in this work that the same oil, not he.ate<l, will permit 
prrcnpter growth. 
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The 10“^ mg. plantmgs at the end of two and four months’ incubation produced 
onlj'- 2.3 times as much growth as the 10~® mg. plantings, both being similarly 
covered with thin oil films, although the 10~® mg. planting represented about 
one thousand times as many bacilli present. At the end of six montlis, the 10~® 
mg. plantings with the overlying oil film showed grondh approximatmg that of 
the 10~® mg. plantings. 

The 10~® mg. plantings with no overlying oil films showed continuity of growth 
up to twelve months and probably up to seventeen months when the bacilli were 
viable. 

A separate experiment ^vhere depth and surface plantings were made in each 
flask at the same time resulted in smaller amounts of depth growth than occur 
when there is no surface grondh present. It is also a matter of observation that 
bottom grondhs do not appear to increase after development of spontaneous 
surface growths, which always occur with greater than 10~® mg. submerged plant- 
ings of H37 bacilli. The failure of molecular oxygen to diffuse from the atmos- 
phere into the medium because of the intervening surface growths and the meta- 
bolic products from the faster grondng surface bacilli are offered as explanations 
for the lessened depth growths. 

The preliminary report by Drea (1942) of 21 mg. for depth culture and 960 mg. 
for surface growth was for moist bacilli. The depth cultures had been growing 
for less than four months. 

VIRULENCE TESTS WITH DEPTH CULTURES OF H37 BACILLI 

The H37 strain had been growing submerged for a long time. This was done 
by planting, overlaying the S.M. with 2 drops of sterile mineral oil and incuba- 
ting at 37‘’C. 

On an average, transplants were made every thirty-four days for thirteen 
times. The thirteenth transplant was incubated for seventy-four days when sus- 
pensions of 10“^, 10~® and 10~^ mg. per ml. of O.S per cent sodium chloride in 
water were prepared. Subcutaneous injections of 1 ml. from each of these 
suspensions were made into 4 guinea pigs. The three groups (12 animals) were 
kept until they died. The autopsies showed extensive tuberculosis in all of the 
animals. The average duration of life for the 10“* mg. was 104 days, for the 
10~® mg., 253 daj^s and for the 10“^ mg. injections, 263 days. 

A check for both asepsis and ability of the bacilli of the above experiment to 
reproduce themselves was made b}*^ planting 1 ml. each of 10~® mg./ml. and 10~^ 
mg./ml. suspensions from each autoclaved hypodermic S3’Tinge previous to in- 
jecting the same amount into a guinea pig. A separate sjuinge was used for 
each animal and 4 flasks of S.M. were planted from each sjwinge. There was no 
contamination by other organisms and submerged growth resulted in all flasks. 
In addition, 0.1 ml. (measured b}’’ Pasteur pipette) of the 10~^ mg./ml. suspension 
was planted in each of 10 flasks of S.M. The estimated 10“® mg. plantings pro- 
duced growth in S of the 10 flasks. 

Virulence tests for the same strain of bacilli grown only on the surface of the 
S.M. wdth similar groups of guinea pigs gave average sunnval times of MS days 
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for the 10“^ mg., 254 days for the 10“® mg. and 234 days for the 10~^ 
mg. injections. 

It appears, then, that the H37 strain grown submerged for 482 days, during 
which 13 transplants were made, was as virulent for guinea pigs as is the same 
strain gro'wn on the surface of the S.M. Also the ability of the submerged bacilli 
to reproduce themselves from veiy small numbers of bacilli is at least as great as 
that of surface growth bacilli. 

The depth growth of these bacilli has been continued for 722 additional days, 
transplants having been made at average intervals of 103 days. They are now 
growing in the depth of the S.M. 1,204 days after the first planting. 

Another viability test of the H37 strain after continuous submersion in the 
S.M. at 37°C. for six months, overlaid with 2 drops of mineral oil to prevent 
surface growth, resulted in 10“^^ and 10~® mg- plantings producing growth. 

THE KAHN “SINGLE CELL” H37 STRAIN 

This strain was developed from a single organism isolated from the H37 strain 
by Kahn (1929). According to Loebel, Shorr and Richardson (1933) the H37 
strain was started about 1913 at the Trudeau Laboratory. 

It seemed desirable to compare its growth properties noth those of the H37 
strain in our laboratory. 

According to Dr. M. C. Kahn, in a personal communication, it had been grow- 
ing in his laboratory on Long’s sjmthetic medium. He transplanted it to a 
slant of Corper’s egg medium and, when groivth was well established, sent it to 
the writer. After its arrival it was transplanted and retransplanted several 
times to S.M. before depth growth tests were made, in order not to carry over 
biochemical substances from the egg-yolks. 

It produced the same growth responses as does our H37 strain w^hen planted 
in the depth of S.M. and on the surface of the S.M. In one experiment, 10~® mg. 
of the Kahn culture produced growth in the S.M., as occasionally happened w'hen 
the H37 strain was planted. 

OTHER STRAINS OF ACID-FAST BACILLI 

Twm avian (Av. 6 and Av. 36), one bovine (Bov. Vir.), 2 smegma (Sewell and 
American Type Culture fjl 101), and one human (D) were grown in S.M. The 
findings are recorded in table 2, together with those for H37 and the Kahn "single 
cell” culture. 

The human strain (D) and the bovine strain required relatively large plantings 
before depth growth occurred. The bovine strain was secured from Dr. M. L. 
Cohn who considers it to be glycerophylic (personal communication). 

The 2 avian and 2 smegma strains produced depth growth from about as small 
amounts of bacilli as did the H37 strain. ' 

DILUTION OF S.M. WITH WATER 

The H37 and human D strains grew' in the depth of S.M. diluted to 5 per cent 
w'ith water. There was some indication, though the experiments are too few to 
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draw Imal conclusions, that certain diluted solutions of S.M. are more favorable 
during limited time periods of incubation for depth grovi;h than is the full 
strength of S.hl. The S.M. of full strength was originally planned to give an 
abundant amount of surface growth. 

EFFECT OF JIINTSRAL OIL ON DEPTH CULTURES IN S.M. 

Wlien one drop to 1.5 ml. of nonheated mineral oil was floated on the S.M. 
after planting 10~- mg. of H37 bacilli, depth growth resulted. 

TABLE 2 


Smallest amounts of bacilli producing depth growth in SO ml. of Long’s medium 


STRAIN 

UG. PLANTED 

Av. 6 

10-8 

Av. 3G 

10-’ 

Bov. Vir. 

10-8 

Human (D) 

lo-* 

occasional 10-* 

Smegma (Sewell) 

10-8 

Smegma #101 

10-’ 

H37 

10-» to 10-8 
occasional lO”’ 

Kahn “Single Cell” H37 

10-’ to 10-8 
occasional IQ-’ 


DISCUSSION 

It has been knoivn for some time that tubercle bacilli vdll grow in the depths of 
various complex nonsynthetic liquid culture media. 

Calmette (1928) referred to investigations by Besredka in 1913 and 1914 on 
depth growth in liquid media of meat bouillon and egg (the white and yolk). 
He also called attention to a simpler liquid medium used by Besredka in 1921 for 
the same purpose and composed only of egg-yolk in distilled water with sufficient 
NasCOj added to make it frankly alkaline to litmus. Calmette also reported 
on depth growths secured by E. Buc in 1924 directly from serous fluids such as 
pleural exudate and from tuberculous tissues. ICrchner (1931) called atten- 
tion to the importance of depth growth studies in liquid culture media. 

Novy and Soule (1925) stated that the essential reason for the organism not 
growing in the deeper layers of broth or agar media is the lack of oxygen and that, 
when the oxygen concentration in the atmosphere is increased to 80 or 100 per 
cent, there is a corresponding increase in the amount of oxygen dissolved by the 
broth or agar which then permits growth in the depth. 
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Boissevain (1931) concluded that tubercle bacilli grew through Long’s medium 
containing suspensions of kephalin or lecithin. Evans and Hanks (1939) ob- 
tained depth gro^vth from small numbers .of the bacilli in liquid substrates of 
serum-leucocyte mixtures, blood or serum diluted with water or with Long’s 
medium, in polymorphonuclear leucocytes and saline and in the washed cellular 
fraction of blood suspended in saline or dilute Long’s medium. 

The growth of the H37 bacilli in the depth of S.M. without added substances 
was demonstrated by Drea, who reported in 1940 that amounts “at least as 
small as 10“® mg.” and in 1942 that amounts at least as small as 10“^ to 10“® mg. 
would grow. Boissevain (1943) confirmed these findings for as little as 10~® mg. 
tubercle baciUi and recorded that, when no viable bacilli could be demonstrated, 
their absence was confirmed by guinea pig inoculation. Crimm and Martos 
(1944) reported that 4 out of 4 of 10“’ mg. and one out of 4 of 10“® mg. plantings 
of H37 bacilli produced depth growth in S.M. Cohn (1944) obtained a culture 
of the H37 strain used by the present writer and secured depth growth in S.M. 
from 10“® mg., apparently not planting smaller amounts. 

The tubercle bacillus is generally considered to be an aerobe. Some strains 
such as the H37 when planted on the surface of S.M. and exposed directly to the 
oxygen of the atmosphere produce considerable growth on the surface. They 
can, however, survive, retain their virulence and grow when the supply of oxygen 
is much restricted. 

Webb, Ryder and Gilbert (1918, 1921, 1923) concluded that the bacilli within 
tuberculous Ijmiph nodes or pieces of liver and spleen removed from tuberculous 
guinea pigs and promptly replanted xmder the skin of normal guinea pigs in- 
variably produced a general tuberculosis, which differed in no apparent way from 
that which follows inoculation with free virulent bacilli; that the most probable 
explanation for emulsified tubercle bacilli from cultures being able to survive 
and retain their virulence in normal salt solution at 37°C. for many da3'S was 
because they were able to get a minimum of oxygen, whereas the bacilli within 
excised tuberculous tissues immersed in salt solution at 37°C. lost their virulence 
and probably died within a relatively few daj^s because they were deprived of 
oxygen by the slowly dying tissues. There was not this rather rapid loss of 
virulence if the tisssues were kept at ice-box temperature. They were inclined to 
believe that, when tubercle bacilli survive and remain virulent for a long time in 
supposedly healed lesions, they are not completely encapsulated and there is still 
some biological exchange between them and the host’s tissues because the bacilli 
die so quickly within incubated excised tuberculous tissues. 

Webb, Boissevain and Ryder (1924), continuing the above investigations, 
placed tubes of normal salt solutions containing suspensions of tubercle bacilli 
from cultures in anaerobic jars. They concluded that the bacilli, when the tubes 
were incubated, lost their virulence at about the same rate as they do when 
enclosed within incubated tuberculous tissues, but retained their virulence when 
the tubes were kept at ice-box temperature. 

Buc (1924) concluded that growth of tubercle bacilli is not possible in the 
depth of a nonsynthetic culture medium when the culture flask is evacuated and 
sealed. 
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Novy and Soule (1925), using a closed sj'stem and heavy plantings of H37 
bacilli on surfaces of moat-extract-glj'cerol-agar media, recorded the growth of 
the cultures as proportional to (he oxj'gcn tension within certain limits. At 100 
per cent volume oxygen there was less growth than at 40 to 50 per cent, which was 
the best tension for optimum growth. Below 40 per cent, tlio growth lessened 
proportionately as the oxygen tension was diminished, until at 0.5 per cent there 
w{us scanty growth. In one experiment with 0.19 per cent volume of oxygen, 
there was no growth indicated at the end of four weeks, though the bacilli were 
then viable as was shomi by good growth one week later after the cultures were 
e.xposcd to (he atmosphere. 

Corper, Lurie and Uyei (1927), using an open s)’stem with flowing gases and 
relativch’ hca\y jilanfings of tubercle bacilli on surfaces of gb'^cerol-agar media, 
confinned the findings of No\y and Soule for oxygen tensions between that of 
atmospheric air at G2S mm. Hg and 0.1 per cent volume oxj'gen. At 0.5 per cent 
volume there was scanty gronlh. With 0.1 per cent there was no grourth at the 
end of six weeks. When the 4 strains tested with 0.1 per cent volume of oxygen 
were then e.xposcd for fn-c wcelcs to atmospheric air, 3 of them produced groivth. 

Tubercle bacilli grow at the bottom of liquid S.hl. in tliis laborator}’- where the 
average atmospheric pressure is 610 mm. Hg. The o.xygen concentration avail- 
able for the bacilli must be verj' low as distilled water at 37°C. and the same at- 
mospheric pressure by calculation contains 0.387 per cent volume. Water nith 
dissolved substances (such as S.M.) m'il probably contain less dissolved oxygen, 
\Vith well established bottom growth and development of metabolic products, 
the amount of available oxygen may be further decreased. Gro^rth of the sub- 
merged bacilli, whore the S.M. was exposed to the atmosphere pressure, was 
demonstrated as increasing for more than twelve months. If 0.1 and 0.19 per 
cent volumes of oxygen, reported as not permitting the growth of heavy plantings 
on the surfaces of solid media, do not permit grovrth of submerged plantings in 
S.hr. containing the same concentrations of dissolved oxygen, the range of o.xygen 
concentrations not permitting, and permitting, grourth must lie somewhere be- 
te’een the above figures and 0.387 per cent volume. 

However, onl}’’ experiment can determine that 0.1 or 0.19 per cent volume 
oxygen in the liquid S.M. will not permit depth growth. 

Cohn (1944) has also called attention to the r61e of small amoimts of air (oxy- 
gen) in the growth of tubercle bacilli and the difficulties of precise experimenta- 
tion. 

The application of Hcnrj'-’s law' for the dissolving of atmospheric gases in liq- 
uids may simplif}' the problem. It applies to such liquids as water or plasma 
where oxygen w'ould be in simple phj'sical solution only and not to those liquids 
where there could be chemical combination between some constituent of the 
liquid and dissolved molecular o.xygen. At 37°C. the amount of oxygen dis- 
solved in distilled w'ater is 0.025 times that in the atmosphere above. To insure 
0.1 per cent volume of oxygen in the water it is only necessary to have 4 per cent 
volume in the atmosphere. It is probable that S.M. does not combine wdth 
dissolved oxygen. If full strength S.M. does not allow' simple solution of oxj'gen, 
a sufficiently close appro.ximation to this condition may probably be attained by 
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diluting the S.M. wth water. H37 bacilli \\t 11 grow at the bottom of a 5 or 10 
per cent solution of S.M. Or some other medium that satisfies the requirements 
of Henry’s law may be successfully used. 

It would also appear that very small plantings of submerged bacilli offer a more 
precise means of experimentation. The groni,h from one-millionth of a mg. of 
H37 bacilli is visible in about twent 3 ’’ days and at the end of two months is about 
10 million times that of the original planting, whereas with heavy plantings on 
the surfaces of solid media, the increase is relatively only a few fold and at the 
same time there is much greater total respiration and oxygen consumption. 

Rigorous sealing of the necks of the 50 ml. Erlenmeyer culture flasks after 
planting the bacilli permitted readily recognized amoimts of depth growth though 
less than when they were not sealed, if the incubation is continued for an in- 
definite time. The amount of atmospheric air available for the bacilli was less 
than 40 cc. The indication of complete sealing was the failure of the later spon- 
taneous surface growths to go on to the usual profuse amounts customary with 
exposure to the atmosphere. Therefore, relative^ small amounts of air, oxygen 
and other gases may be used for growth studies. Also, there can be no question- 
ing of the occurrence of groni;h when the original plantings are invisible. 

Loebel, Shorr and Richardson (1933), using the single cell strain culture iso- 
lated b}'' Kahn from the H37 strain, determined that the highest oxygen con- 
sumption in 3 ml. of the same Long’s S.M. on the surface of which the bacilli had 
been groudng was 2.7 c.mm./moist mg./hour measured in a Warburg apparatus at 
37.5'’C. 

If the amount of oxj’’gen consumption is the same for an actually growing 
submerged culture, there should be sufficient oxygen in a sealed 50 ml. ffask con- 
taining 20 ml. S.M. to permit a visible amount of growth. ^ 

Actually, depth growth does result from 10“* to 10~® mg. plantings of H37 
bacilli after the flasks are sealed at atmospheric pressure. 

A 0.39 per cent volume of oxygen which permits depth growdih is equivalent to 
5.57X10“^ per cent grams or 5.57 p.p.m. and is to be considered a trace element 
under these conditions. The bacilli w^hen planted on the surface of the S.M. are 
exposed to forty times this concentration of oxygen and the resulting culture in a 
nonsealed flask is much more profuse at its optimum than is a depth growth in a 
similar flask for the same time of incubation. It is to be noted, however, that the 
depth growt-h continues to increase for a considerably longer time after the sur- 
face growth has ceased. Because of the usual growth of the bacilli in tissues it 
would appear they may be more nearty “at home” when submerged in media 
than on the surface or on solid media such as glycerol-agar. 

Buc (1924) reported that the bacilli of depth growt,h retained the same prop- 
erties of acid-fastness and virulence as were characteristic of surface growth. 
The acid-fastness was confirmed by the present writer in 1940 and the virulence 
(this paper) for depth growth in S.M. Buc thought the depth growi,hs with then- 
continued retention of vitality, -drulence and slower growth more nearly approxi- 
mate the conditions of growth in animal tissues than do surface growths at me- 
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dium-atmosphere interfaces. The resemblances according to Buc are even more 
clear in direct cultures from such material as tuberculous pleural fluids, blood and 
tuberculous organs. 

More evidence of the importance of limited supplies of oxygen is afforded by 
noting the apparent failure of established depth growth to increase after surface 
grmrth becomes established, as always occurs when 10~® mg. or more of well 
dispersed H37 bacilli are planted in the S.M. Buc also noted this in his work. 
Planting on the surface of the S.M. immediately after making a depth planting 
greatlj'- l im its the depth growth. Overling mineral oil films permit depth growth 
in S.M. from the smallest plantings that will grow in their absence. Buc used 
“oil of vaseline” to cover his more complex medium and obtained depth growth 
even when the medium with the overlying oil was heated to 100°C. in a water 
bath to drive the dissolved gases out of the medium previous to planting, offering 
the acceptable explanation that air must have diffused later into the culture 
medium through the oil. 

The Kahn single cell H37 strain produced the same depth growth results as 
did the H37 strain in our laboratory. Kahn (1929) studied the growiih resulting 
from single cells in microdroplets of the same S.M. My own studies by diluting 
the planting suspensions imtil vanishing small numbers of bacilli per ml. were 
present very probably resulted in single bacilli growing in much larger amounts 
of S.M. 

In addition to the H37 and the ICahn “single cell” strains, 2 avian, one bovine 
and one human (D) strain grew when submerged in S.M. Youmans (1944) 
secured depth growth in a synthetic medium from heavy plantings of 5 viinlent 
human strains, including the H37 RV strain, and from one avirulent strain. It 
appears to be probable that depth growth in synthetic media may be secured from 
all strains of acid-fast bacilli that will grow on the surface of the same medium, 
provided substances combining with dissolved oxygen are not present. Long's 
containing asparagin, the Long-Weinzirl with ammonium malate substituted 
for the asparagin of Long’s medium, Grimm’s (1944) with a hydrolysate of casein 
substituted for the asparagin and ammonium citrate of Long’s medium and 
Youman’s (1944) have been successfully used. 

SUMMARY 

Tubercle and smegma bacilli grow at the bottom of liquid sjmthetic culture 
media where the dissolved oxygen is present in only a few parts per million. 

The amount of depth growth following the planting of 10~® mg. of H37 bacilli 
in 20 ml. of Long’s liquid synthetic medium increased for at least twelve months. 
At the end of seventeen months’ incubation it averaged 28.8 mg. for 5 cultures, 
after washing and drying at 37°C, The amount of similarly treated maximum 
surface grovi;h on the same amount of the medium averaged 276 mg. 

The H37 bacilli were virulent for guinea pigs after 482 days of depth growth 
during which time they were transplanted thirteen times to the bottom of fresh 
synthetic medium. The injected bacilli had been grovdng submerged for seventy- 
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four days following the last transplant. Death from extensive tuberculosis re- 
sulted in 101, 253 and 2G3 days for an average of 4 animals each for 10“*, 10~* 
and 10“^ mg. bacilli, respectively. 

It is probable that all strains of acid-fast bacilli will grow at the bottom of any 
liquid sjmthetic medium that will support surface growth, provided no substances 
combining with dissolved oxygen arc present. Submerged growth of tubercle 
bacilli is more similar to growth in animal tissues than is surface growth. 

Depth culture studies in liquid sjmthctic media offer an important means for 
investigating acccssorj’^ groudh factors. The same may be stated for at least 
part of the investigation of antibacterial substances. 

BUMAniO 

El bacilo tuberculoso y cl del smegma proliferan on cl fondo de medios sintdticos 
Ifquidos de cultivo, en los que cl oxfgeno disuelto s61o representa algunas partes 
por milldn. 

El ndmero de colonias profundas consccutivas a la siembra de 10"* mg. do 
bacilos H37 en 20 ml. del medio sint^tico liquido de Long, aumenta por lo menos 
durante 12 meses. A los 17 meses de incubacidn promedid 28.8 mg. en 5 cultivos 
despuds del lavado y la desecacidn a 37°C. La proporcidn maxima de colonias 
superficialcs tratadas en forma semejante, promedid 276 mg. en la misma cantidad 
del medio. 

Los bacilos H37 rcsultaron virulontos para cobayos al cabo de 482 dlas de 
cultivo profundo, durante cuyo tienipo fueron trasplantados trece veces distintas 
al fondo de un medio sintdtico rcciente. Los bacilos inyectados habfan sido 
cultivados en.aimcrsidn por 74 dlas despuds del dltimo trasplante. La muerte 
debida a tuberculosis generalizada sobresdno en 104, 253 y 263 dlas en un pro- 
medio de 4 animales, cada uno con 10~*, 10"*, y 10"^ mg. de bacilos, respectiva- 
mente. 

Es probable que todas las cepas dcidorresistentes crezean en el fondo de 
cualquier medio sintdtico Ilquido que sostenga el desarrollo superficial con tal 
que no haya sustancias que se combinen con el oxlgeno disuelto. Las colonias 
de bacilos tuberculosos sumergidas, son mds semejantes que las superficiales a 
las de los tejidos animales. 

Los estudios de los cultivos sumergidos en medios sintdticos llquidos, ofrecen 
un medio importante para estudiar los factores accesorios del desarrollo y lo 
mismo reza por lo menos en parte con la investigacidn de sustancias antibac- 
terianas. 

The author is grateful to Dr. M. L. Cohn, of theNational Jewish Hospital, for the smegma 
(Sewell), avian and bovine cultures. 
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DIAMINODIPHENyLSULFONE DERIVATIVES 
The Therapeutic Effects of Two New Derivatives In E:q)erlmental Tuberculosis 
FRITZ T. CALLOMONi and GEORGE W. RAIZISS’ 

The modern epoch of investigation on chemotherapy of experimental tubercu- 
losis can be divided into two periods: the one extending over the years when 
sulfanilamide, sulfapjoidine and certain related compounds were subjected to 
experimental tests in inoculated guinea pigs; the other marked by the use of 
4,4''-diaminodiphenylsulfone and its derivatives. A pronounced superiority of 
the latter group of compounds over the sulfonamides previously used became 
evident (1 to 6). However, the parent drug, although the most effective of this 
group in deterring or restraining the development of experimental tuberculosis, 
proved also to be the most toxic. Conversely, its derivatives, such as promin, 
diasone and promizole, showed a much lower toxicity than did 4,4'-diaminodi- 
phenylsulfone, and still a much higher curative effect in guinea pigs than did 
the sulfonamides of the earlier period. Their clinical trial in man, if carefully 
conducted by expert clinicians, seemed to be justified. 

However, in the Editorial of the J. A. M. A. 1944, 125, 149, it was emphasized 
that at present the use of these drugs in human therapy is “not without hazard,” 
and that “the clinical reports as yet reviewed cannot justify any attitude con- 
cerning the value of these compounds in patients, than one of critical interest.” 
Meanwhile, clinical and experimental investigation has been continued (7, 12) 
and has to be continued over long periods of time until a definite judgment will 
be possible whether or not certain sulfone compounds should be used for human 
therapy. 

As a matter of fact, the search for new chemical compounds has been continued 
also, with the aim of increasing the curative effect and of diminishing the toxic 
properties of new chemical agents to be used against tuberculosis. In the follow- 
ing report we are concerned vdth another new sulfone product wliich, under the 
conditions of our experiments, was strikingly well tolerated when administered to 
guinea pigs over a long period of time, and which proved to be at least as effective 
in restraining or preventing the development of tuberculosis as diasone. This 
new product is compound No. 2412 of the Dermatological Research Laboratories 
(Division of the Abbott Laboratories, North Chicago, Illinois) in Philadelphia. 
Another sulfone product, that is, No. 3206, of the same laboratories has been 
included and the effectiveness of both new compounds was compared mth diasone 
in our experiments. 

THE THREE COMPOUNDS USED IN THIS STUDY 

(a) Diasone: As to the chemical properties, the effectiveness and the toxicity 
of diasone, we refer to the literature (5, 6, 13), in particular to the recent detailed 

1 From The Research Institute of Cutaneous Medicine, Dr. John A. Kolmer, Director, 
Philadelphia, Pennsylvania. 

= From the Dermatological Research Laboratories, Philadelphia, Pennsylvania (Division 
of Abbott I.aboratories, Chicago, Dlinois). 
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report of Raiziss, Severac and Moetsch (8). The low toxicity of diasone for 
mice, rats, rabbits and dogs has been determined by these authors. In addition, 
in connection with our present studies, the chronic toxicity of diasone for guinea 
pigs was also determined. Results will be presented in connection wth those 
obtained Avith No. 2412. 

(b) The neiu products Nos. 2412 and 8206: No. 2412 — p,p'-di-(2 hydro.xj’^ 
benzal-amino) diphenylsulfone: 

OH ■ OH 

)>CH=N<^ ^SOo<^^ ^N=CH<^ ^ 

It is orange red ciystallLne material, insoluble in water, difficultly soluble in 
alcohol, someu'hat soluble in acetone, soluble in warm benzol, insoluble in ether 
or petroleum ether. 

This product is formed by reacting 2 moles of salicylaldehyde (2-hydro.xy- 
benzaldehyde) with one mole of diaminodiphenylsulfone in methyl alcohol. 
Both amino groups of the diphen 3 dsulfone are substituted. 

This product is stable to oxidation. It is hydrolj'-zed by dilute h 3 rdrochloric 
acid, it can be diazotized and the amino groups quantitatively estimated by a 
colorimetric method. In this wa 3 '' it Avas determined that the product does not 
undergo a change Avhen exposed to air. Diazotization value as determined by 
photoelectric colorimeter remains constant after a long exposure of the drug to 
air. No. 2412 does not become oxidized on exposure to air as does diasone. 

No. 3206 — p-(5 chlor 2 lydroxy benzal-amino) p'-amino-diphenylsulfone is 
insoluble in water, slightly soluble in alcohol, soluble in acetone. 

Cl 

^CH=N<(^ <( ^NHo 

(c) Chronic toxicity oj diasone and product No. 2418 for guinea pigs: The 
foUoAAing studies on chronic toxicity and blood concentrations AA^ere conducted 
in normal guinea pigs kept under the same conditions as the animals used for our 
tuberculosis e.xperiments. The percentages of the drugs administered corre- 
sponded to the dosage used for the treatments of our inoculated guinea pigs. 

In order to determine the chronic toxicity of diasone in guinea pigs, it Avas given 
in the food in a concentration of 0.6 per cent. Taa'o groups of animals u^ere 
maintained. Drug diet was fed to the first 5 pigs for six montlis and twent 3 ’'- 
seA'^en da 3 "s. All animals surviA'-ed. The weight of each animal increased oA'er 
this period from an average weight of 460 g. to an average of 776 g. From the 
great increase in AA'eight, one can conclude that these animals tolerated diasone 
Amr 3 ^ AA'ell indeed for a long period of time. A second group of 5 animals Avas 
giA'en the same drug diet for a period of five months and four da 3 "s. The average 
weight of these animals at the start of the experiment was 284 g. and at the end 
it Avas 804 g. This second experiment corroborated the findings of the first and 
the conclusion remains that the tolerance of the animals for diasone was high. 

The chronic toxicit 3 ’' of compound No. 2412 proved also to be Ioav. Taa"o groups 
of animals AA^ere also maintained. Six guinea pigs AA'eighing an average of 366 g. 
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on the first day of the experiment were fed a diet containing 0.5 per cent of com- 
pound 'No. 2412; they received this diet for a period of three months and sixteen 
da5’’s. At the conclusion of the experiment, the average weight of the animals 
was 718 g. The second group, consisting of 12 animals, was given the same drug 
diet for 105 subsequent days in accordance ■ndth the period of treatment used 
in our present tuberculosis studies. The pigs of both groups survived, increasing 
over this period from an average weight of 398 g. to an average weight of 652 g. 
From these results it could be seen that the chronic toxicity of product No. 2412 
is very low and comparable in tlris respect to diasone. 

At the end of these experiments autopsies of sacrificed animals were made and 
the spleens and livers of 3 animals fed ndth each compound submitted to micro- 
scopic examination. Generally, a slight to moderate enlargement and a bluish 
or dark blue color of the spleens was observed, while the microscopic e.xamination 
revealed some vacuolization of peripheral liver cells in several lobules of the 
livers. 

(d) Blood level detenninalions in guinea pigs given drug diet containing diasone 
or No. The blood levels in the first group of guinea pigs which received a 
drug diet containing 0.6 per cent diasone were determined on the seventy-sixth 
day of the experiment. For the 5 animals the blood levels averaged as follows:' 
free diasone 0.75 mg., conjugated 0.16 mg., total 0.91 mg. Blood levels were 
taken again on the eighty-third day and the average was found to be: free 
diasone 1.59 mg., conjugated 0.27 mg., total 1.86 mg. 

In the second group of 5 animals receiving a similar diet of 0.6 per cent diasone, 
the blood levels were taken on the sixth day of the experiment with the average 
of: free diasone 0.75 mg., conjugated 0.44 mg., total 1.19 mg. On the twenty- 
second day the average was: free diasone 1.18 mg., conjugated 0.25 mg., total 
1.43 mg. The findings on the thirty-fourth day were: free diasone 1.47 mg., 
conjugated 0.65 mg., total 2.12 mg. 

From the above it could be seen that the diasone blood levels in guinea pigs 
are uniformly low. 

The blood levels in the first group of guinea pigs which received a diet con- 
taining 0.5 per cent of product No. 2412 were estimated after the animals were 
fed the above diet for six days. The results were; free drug 1.19 mg., conjugated 
0.55 mg., total 1.74 mg. The ne.xt determination of blood levels was done after 
the guinea pigs continued this diet for twenty-five days. The findings were; 
free drug 0.84 mg., conjugated 0.15 mg., total 0.99 mg. The last determination 
was made after fifty-four consecutive days of the drug diet. The blood levelswere: 
free drug 0.98 mg., conjugated 0.98 mg., total 1.96 mg. These figures indicate 
that, as vith diasone, low blood levels were obtained throughout the entire period 
of administration of compound No. 2412. 

EXPEKiarENTAZ. CBBMOTSERAFT 

One hundred and thirty-four guinea pigs weighing 300 to 400 g. were inoculated 
subcutaneously in the groin, using a fresh subculture of a human strain of tubercle 
bacilli, that is, strain H42133 of the Phipps Institute, Philadelphia. The dose 
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fivcn to each animal \vas 0.000-1 r. of tubercle bacilli per 100 g. of body n’eight. 
Twenty guinea pigs remained untreated serving as controls, 114 were submitted 
to treatment, by drug diet. Tlie animals were kept in individual cages. Two 
series were maintained, the one consisting of GO gumca pigs put on drug diet three 
days after inoculation, the other consisting of 54 guinea pigs put on drug diet 
thirty days after inoculation. Both series were subdivided into three groups, 
each group corrsponding to one of the 3 compounds. The three groups of the 
first series consisted of 20 animals each; the three groups of the second series of 
IS animals each. Drug diet was prepared by incorporating the various com- 
pounds into the food, which consisted of ground "rabbit chow;” 2 per cent com 
sj'rup was added to make the drug diet as palatable as possible. The food, 
whether containing drug or consisting of purc “rabbit chow,” was supplemented 
bj' small amounts of fresh vegetables. 

Before drug diet ^vas started all guinea pigs had been pre-fed with the basic 
food for one week, that is, until the food intake became constant. From the 
beginning of the second week an average intake of 35 to 40 g. per daj’- per animal 
was noted. .'Another eight-day ijeriod of observation proved to be necessary in 
order to obtain a constant intake after drug had been added to the food. 

Our meperiment, therefore, was planned as follows: 

Series I, put on [Group 1 consisting of 20 animals given dinsono 
drug diet throe days t Group 2 consisting of 20 animals given No. 2412 
after inoculation [Group 3 consisting of 20 animals given No. 3206 
Scries II, put on [Group 1 consisting of 18 animals given diasone 
drug diet thirty days -(Group 2 consisting of 18 animals given No. 2412 
after inoculation [Group 3 consisting of 18 animals given No. 3206 

Dming the first two weeks after inoculation all three compounds were given 
in an equal percentage with the food, that is, 0.66 per cent. However, the drug 
concentration had to be cut do\\m in the course of the following two weeks when 
to.'dc symptoms became obvious (in some animals the appetite seemed to decrease 
and the autopsies of a few animals which died early revealed toxic changes in 
the spleens and livers, the spleens showing a characteristic dark blue color and 
slight enlargement). Thereafter, diasone was administered in a concentration 
of 0.6 per cent and compound No. 2412 in a concentration of 0.5 per cent with 
the food. The dosage of No. 3206 had to be cut dowm gradually to 0.3 per cent. 
From the thirtieth daj' after inoculation up to the end of the experiment these 
doses were w'ell tolerated. According to an average intake of 35 to 4C gm. of 
drug food per day per animal, w'e estimated the daily drug intake to be as follows: 
210 to 24C mg. of diasone, 175 to 200 mg. of No. 2412 and 105 to 120 mg. of No. 
3206. 

During the entire period of treatment, drug food w’as freshly prepared and con- 
tinuouslj’’ supplied by the Dermatological Research Laboratories (Division of 
the Abbott Laboratories, North Chicago, Illinois) in Philadelphia. The food 
containing No. 2412 or No. 3206 w'as supplied every week, while diasone diet 
was prepared twice a week because diasone proved to be somewhat ojddizable 
when kept in partly emptied bottles for more than a few days. 
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During the ■whole experiment the weights of all guinea pigs were recorded 
■n’eekly. One liundrcd and three days after inoculation all survivors were sacri- 
ficed. At that time the survivors of series I had been treated with the various 
compounds of one hundred subsequent days and those of series II for seventy- 
three days. 

Autopsies were made on all animals which died during treatment or were 
sacrificed at the end of the experiments. The degree, distribution and character 
of the tuberculous lesions were determined macroscopically and microscopically, 
by direct smear examination as well as by histological examination of spleens, 
livers, lungs and lymph nodes. 


RESUETS 

St(rvivQrs: At the end of our c.\'perimeDt, that is, 103 days after inoculation, 
only 7 (35 per cent) of the 20 untreated controls were alive. Deaths of the con- 
trols occurred between the 38th and 102nd days, except for one animal which 
died on the twenty-sixth day after inoculation. In this guinea pig autop^ 
revealed extensive pneumonia of both lungs; at that early time tuberculous 
lesions were already present in spleen and liver, and smears taken directly from 
the spleen showed tubercle bacilli. 

Comparatively, 88 (77 per cent) of the 114 treated animals survived. How- 
ever, the mortality observed Avith the various compounds differed markedly. 
Fifteen deaths were observed -nith compound No. 320G, wlule mortality was low 
rvith diasono (5 deaths) and No. 2412 (6 deaths). Thus, the mortality rates 
after treatment vdth diasone, No. 2412 and No. 3206 were: 13.2, I5.S and 39.5 
per cent, respectively, while that of the untreated controls amounted to 65 per 
cent. In this statement we included 3 early deaths, one animal of each com- 
pound, which died before the thirtieth day after inoculation. These cases 'will 
be discussed later on. 

As to the survival times of the guinea pigs djdng during the period of treatment, 
the deaths observed with diasone occurred between the thirty-third and ninety- 
eighth days, with No. 2412 between the fiftieth and seventy-seventh days and 
with No. 3206 between the tliirty-fourth and ninety-eighth days after inocula- 
tion. There were no differences of any consequence in the mortalities of the 
two series, whether put on drug diet on the third day or on the thirtieth day after 
inoculation. 

The numbers of survivors and deaths observed with the various groups and 
compounds are summarized in table 1. 

Body weight: The records of body weights showed significant differences be- 
tween treated and untreated guinea pigs, as well as among the various compound 
groups. From the eighth to ninth week most of the controls did not increase in 
■weight; a progressive decrease became evident. Conversely, most of the sur- 
•viving guinea pigs given diasone or No. 2412 increased in weight throughout 
treatment. After administration of No. 3206, however, only a few of the sur- 
viving snimflls showed a continuous increase, while the other guinea pigs showed 
slight increase alternating with periods of decrease or rapid loss in weight. 
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Pathological changes: To the summary of our results obtained by autopsies and 
microscopic investigation, we ndsh to eliminate the above mentioned 3 early 
deaUis, one from each compound. These 3 animals died on the tenth, twelfth 
and fourteenth day after inoculation; moreover, there was evidence of toxic 
damage, the spleens shoving enlargement and a dark blue color, generally indi- 
cating a toxic effect of sulfa-drug administration (9). We eliminated also an- 
other animal which died on the tliirty-second day. This guinea pig had been 
put on No. 3206 diet just three days before death. The cause of this death 
remained questionable; evidence of toxic damage was not found at autopsy, nor 
were there an3'- tuberculous lesions large enough to account for death. 

Our histopathological findings proved to be largely concordant with the find- 
ings at autopsy. Our results are summarized in chart I. The graphs demon- 
strate both the mortality rates and the degrees and distribution of tuberculosis 
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in treated and untreated animals. The same scale of three degrees was used 
that we used in earlier studies on diasone and other compounds (5); degree I 
indicating a few discrete epithelioid tubercles in the spleens, livers or lungs; 
degree II a moderate number of tuberculous lesions shovong a focal rather than 
diffuse development; degree III a wide-spread progressive and destructive 
tuberculosis. 

As verified by autopsies and microscopic examinations, the treated anima ls 
showed not only fewer tuberculous lesions than did the imti'eated controls, but 
also a histological character of tuberculosis quite different from that of the 
tuberculosis found in the untreated animals. Tliis contrast became most im- 
pressive when autopsies of the sacrificed survivoi-s were made. However, there 
were also marked differences between the pigs given diasone or No. 2412 and 
those given No. 3206. 

The animals treated vdth diasone or No. 2412, whether drug diet was started 
on the third or tliirtieth day after inoculation, generally showed a slight or 
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moderate involvement. The slightest development (degree I) was noted in 19 
pigs given diasone (51.4 per cent) and in 18 given No. 2412 (48.5 per cent). 
A moderate development (degree 11) was noted. in 15 guinea pigs given diasone 
(40.5 per cent) and in 17 given No. 2412 (46 per cent), wliile severe tuberculosis 
(degree III) was rai-e with these two compounds (3 animals of the diasone groups 
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Chart 1. Mortality rates and degrees of involvement in treated and untreated animals 


and 2 of the No. 2412 groups). In comparison, the animals of the No^ 3206 
groups showed a total of 20 severe cases (55.6 per cent) and 12 cases of a moderate 
involvement (33.3 per cent). Only in 4 animals of the No. 3206 group was a 
slight development noted comparable with Ihe favorable findings after diasone 
or No. 2412 treatment. In this statement of percentages we did not include the 
above mentioned 3 cases of early deaths nor the one questionable case. 
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In all animals wliich showed degree I, the tuberculous nodtiles in the spleens 
and livei's were scarce and small and frequently restricted to one of the two 
organs; microscopic examination revealed no further involvement. In these 
cases necrosis was always slight and not frequent. The lungs when afflicted, 
showed tuberculous lesions limited to relativelj'’ small areas ■without extensive 
necrosis. In the organs of sacrificed sur^dvors given diasone or No. 2412 we 
also found retrogressive changes in the organs, as described and demonstrated 
by photomicrographs by Feldman and his associates (1, 4, 6) in their reports on 
the effects of certain sulfone compounds. Solitary tubercles were observed show- 
ing fibroplastic changes or changes of the epithelioid cells indicating a regressive 
phase of the tuberculous process. We also observed single tuberculous nodules 
smTOunded by a dense wall of lymphocytes and also of histioc3d«s as described 
by Feldman (1, 4). 

In contrast, the untreated controls, whether dying during or sacrificed after 
treatment, exhibited uniform evidence of an unrestrained progression of the 
tuberculous process, that is, a wide-spread dissemination ■with diffuse necrosis, 
vdth the exception of 2 guinea pigs. These 2 animals showed only a moderate 
involvement; the one, as mentioned, died of pneumonia twenty-six days after 
inoculation, the other, which sur^vdved, showed only a few tubercles in the lungs 
and spleen, but extensive necrotic areas in the severely involved liver. 

niSCHSSION 

As can be seen from the tabulated results of this study, the deterring or cura- 
tive influence of certain derivatives of 4,4'-diaminodiphenylsulfone on e.xperi- 
mental tuberculosis of guinea pigs again became evident. The prolonged 
administration of diasone as well as of No. 2412 reduced the mortality rates of 
the inoculated guinea pigs to a low percentage and restrained the progression 
of the morbid process. Our determinations of the chronic toxicities of both 
compounds for normal guinea pigs have shown that they are well tolerated in 
the dosage used. The new product No. 2412, although given in a somewhat 
smaller dosage than diasone, proved to be about equally effective. It is superior 
to diasone with regard to its stability to oxidation; for exposure to air does not 
influence its chemical and biological properties. Diasone, on the other hand, 
has to be protected from oxidation in vacuum ampules in order to remain stable 
(11). Our blood level studies, conducted during long periods of drug intake, 
showed an equally low level after diasone and No. 2412 administration. 

The therapeutic superiority of diasone and No. 2412 over the other new product 
No. 3206 has been reflected by the mere fact that the mortality rate after treat- 
ment "with the first two compounds was approximately one-fifth and one-fourth, 
respectively, of that of the untreated controls, and that a nonprogressive char- 
acter of the pathological changes in the organs prevailed. On the other hand, 
the mortality rate after treatment ■with No. 3206 amounted to almost two-thirds 
of that observed vdth the controls. Only a minor part of the animals given 
No. 3206 showed a nonprogressive form of. tuberculosis; a considerable number 
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exhibited severe pathological changes at autopsy comparable with those in the 
untreated controls. However, we feel that a great many of the deaths occurring 
after No. 3206 diet were due to the toxic influence of the higher dosage used dur- 
ing the first weeks of our experiment. After the dose had been cut down, the 
effect of drug was not sufficient to exert a beneficial effect comparable with 
diasone or No. 2412. 

Our results obtained with diasone when given ndth the food have corroborated 
the favorable results which we observed in earlier e.xperiments when 0.1 g. of 
diasone was administered by mouth tmce a day (5). Our recent observations 
vith diasone correspond also to those published in 1943 by Feldman and his 
associates (4) and recently by Corper and Cohn (12),® 

Comparing the pathological changes in the animals of the compound groups 
which had been put on drug diet three days after inoculation with those put on 
drug diet thirty days after inoculation, we did not find differences of any 
consequence. 

SUMMARY AND CONCLUSIONS 

Two new compounds have been subjected to this e.xperimental study; their 
effectiveness and toxicity were determined and compared with diasone. The one 
of the two new compounds was No. 2412, the other No. 3206 of the Dermato- 
logical Research Laboratories, Philadelphia (Division of the Abbott Labora- 
tories, North Cliicago, Illinois). The chemical structures and properties have 
been described. 

We have interpreted the results obtained imder the conditions of our experi- 
ments as indicating: 

(jf) A marked deterring effect on the development of tuberculosis of the new 
product No. 2412, which proved to be equal to diasone when given in a some- 
what lower dosage for a similar period of treatment. 

(S) A therapeutic effectiveness which proved to be the same whether drug 
diet was started three daj's or thirty days after inoculation. 

(S) The superiority of No. 2412 and diasone over No. 3206. 

(4) Product No. 2412 chemically is 2 hydro.xy benzaldehyde, derivative of 
diaminodiphenylsulfone. It is superior to diasone in its stability to o.xidation. 
Its chemical and biological properties are not affected on e.xposure to air. 

(5) Experiments on the chronic toxicity of diasone for guinea pigs indicate 
that the toxicity is very low. This confirms the findings of Raiziss, Severac 
and Moetscb (8) for mice, rats, rabbits and dogs. 

(6) The blood levels obtained with diasone in guinea pigs are comparatively 
low and on the order of those found for mice, rabbits and dogs (8). 

(7) Product No. 2412, similar to diasone, exhibited low chronic toxicity for 
guinea pigs accompanied by low blood levels. 

’ The latter authors, however, believe that the retarding effect of diasone on tuberculosis 
in guinea pigs is due to the cyanotic effect on the internal organs (such as spleen and liver) 
rather than to any direct bactericidal or bacteriostatic action; that is, that a definite ano.v- 
emis produced by effective amounts of diasone is largely related to the effect noted (12). 
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(S) In our experiments, product No. 3206, although given in a lower dosage 
than No. 2-112 and diasone, showed a greater toxicity. 

(5) The inclusion of product No. 2112 with other sulfone compounds in further 
investigation appears justified. 

STOUnJO V CON'CLUSIO.VES 

Dos nuevos compuestos fucron objeto do estc cstudio c.xperimental, determi- 
nilndosc su cfcctividnd y toxicidad y compartindosc con las de Ja diasona. Uno 
do lo.s dos nuevos compuc.stos fu<5 cl No. 2-112 y el otro cl No. 3206, de los Derma- 
tological Research Laboratories, Filndelfia (parte do los Abbott Laboratories, 
North Chicago, Illinois). Sc han descrito la cstnietura quhnica }’■ propiedadcs. 

La intcrpretacidn de los resultados obtenidos bajo las condiciones de los ex- 
periraentos cjccutados indican; 

(/) Decidido efecto adverso al dcsarrollo do la tuberculosis do parte del nuevo 
producto No. 2412, quo resultd igual a la diasona, administrado en dosis algo 
nicnores, durante un pcrlodo somejantc. 

(2) Efie.acia terapdutica que resultd iddntica, ya sc iniciara la medicacidn 
3 6 30 dias de.'^puds de la inoculacidn. 

(5) Superioridad del No. 2112 y de la diasona sobre cl No. 3206. 

(Jf) Ei producto No. 2112 qufmicamentc es 2 hidro.xibcnzaldchido, dcrivado 
de la diamino-difenil-sulfona, siendo superior a la diasona en su estabilidad a la 
o.xidacidn, .sin que la exposicidn al airo alfere sus propiedadcs qufmicas y biold- 
gic.as. 

(5) Los c.xperimcntos relativos a la toxicidad crdnica de la diasona para los 
cobayos indican quo cs bajisima, lo cual confirma los hallazgos de Raiziss, Se- 
verac y i\Ioctsch (S), on intones, ratas, conejos y perros. 

(6) Las concentraciones sanguincas obtenidns con la diasona en los cobayos 
son relativamente bajas y del mismo orden que las obserradas en ratones, cone- 
jos y perros (S). 

(7) El producto No. 2412, semejante a la diasona, manifiesta poca toxicidad 
cr6nica para los cobayos, acompafiada de concentraciones bajas en lasangre. 

(S) En estos e.xpcriracntos, el producto No. 3206, aunque administrado a dosis 
mds pequefias que el No. 2412 y la diasona, reveld mayor toxicidad. 

(5) Parece justificada la inclusidn del producto No. 2412 con otros compuestos 
de la .sulfona en las investigaciones ultcriores. 

IIEFERENCES 

(1) . Feld-van, W. II., Hixsiiaw, H, C., and Moses, H. E.; The effects on experimental 

tuberculosis of 4,4'-d(aminodiphcnylsulfone, Am. J. M. Sc., 1944, SOT, 290. 

(2) . Smith, M. J., Emmabt, E. W., and Westfad, B. B.: The action of certain sulfon- 

amides, sulfones and related phosphorus compounds in experimental tubercu- 
losis, J. Pharmacol, ifc Exper. Thcrap; 1942, 74, 16.3, 

(3) EM.MAnT, E. W., AND S.MITH, M. J.: The attenuating effect of promin on virulence of 

the tubercle bacillus, Proc. Soc. E.xper. Biol. & Med., 1942, 51, 320. 

(4) Feddm.an, W. H., Hinshaw, H. C., and Moses, H. E, : Therapeutic effect of disodium 

formaldehyde sulfoxjdate diaminodiphenylaulfono in experimental tuberculosis, 

Arch. Path., 1943, SO, 64. 



384 


BBITZ T. CALLOMOJT AND GEORGE W. RAIZISS 


(5) Cai^lomon, F. F. T.; New derivatives of diaminodiphenylsuJfone: their therapeutic 

effect in experimental tuberculosis of guinea pigs, Am. Rev. Tuberc., 1943, 97- 

(6) Feldman, W. H., Hinshaw, H. C., and Moses, H. E.: Promin in experimental tuber- 

culosis; Sodium p,p'-diaminodiphenyIsuIfone-N,N'-didextrose sulfonate, Am. 
Rev. Tuberc., 1942, 4^, 3030 and 1942, 46, 1S7. 

(7) Feldman, W. H., Hinsh.aw, H. C., and Mann, F. C.: The effects on e.xperimental 

tuberculosis of 4,2 diaminodiplienyl-5'-thiazolesulfone (promizole); and Hin- 
shaw, H. C., Feldman, W. H., and Pfuetze, K. : The clinical administration of 
promizole in tuberculosis, Proc. Staff Meet., Mayo Clin., 1944, 19, 26 and 33. 

(8) Raiziss, G. W., Severac, M., and Moetsch, J. C.; Diasone, its toxicity and ther- 

apeutic effectiveness, J. Lab. & Clin. Med., 1945, SO, 317. 

(9) CoRPEE, H. J., AND Bower, C.: Sulfanilamide in tuberculosis. Am. Rev. Tuberc., 

1939,40,452. 

(10) Petter, C. K., and Peenzlah, TV. S.: Treatment of tuberculosis with diasone, Am. 

Rev. Tuberc., 1944, 40, 308. 

(11) Raiziss, G, TV., Clemence, L. TV., and Freifelder, M.: Synthesis and chemical 

properties of diasone, J. Am. Pharm. A. (Scient. Ed.) 1944, SS, 43. 

(12) CoBPER, H. J., AND Cohn, M. L. ; The use of diasone for the treatment of tuberculosis, 

J. A. M. A., 1945, 127, 1043. 

(13) Raiziss, George TV. Diasone: A new and active chemotherapeutic agent. Science, 

1943, 98, 350. 



EFFECT OP HUMAN GASTRIC JUICE ON TUBERCLE BACILLI^ 
With Special Reference to the Diagnosis of Active Pulmonary Tuberculosis 

C.I-I. KRAMER* 

The question of whether one is dealing with minimal active “open” tubercu- 
losis or with a healed inactive lesion is one to which a prompt and decisive answer 
is often urgentl}’’ desired. In such a case a discrepancj’’ between two laboratory 
procedures, as between the results of guinea pig inoculation and the findings on 
a direct smear of gastric juice, is verj' disturbing to both physician and patient. 
Two case histories will illustrate the problem. 

CASE HISTOmES 

Case 1: V. N., a 20 year old white woman, entered the dispensary on December 16, 1943, 
in the seventh month of pregnancy. At this time she had no complaints other than loss of 
appetite- Physical examination revealed moist rAles and increased tactile fremitus over 
both upper lung fields posteriorly. Her mother had died of tuberculosis when the patient 
was 2 years old, but no other tuberculous contacts were known. When she was examined 
by a medical consultant there were no longer any rdles heard and the previous findings were 
attributed to a recent attack of “flu.” Fluoroscopy and X-ray films made anteroposte- 
riorly and laterally showed some fibrotic changes in both lower lobes, but no evidence 
of apical infiltration. On January 7, 1944 examination of a smear of the stomach contents 
revealed “a few typical and atypical acid-fast bacilli.” Guinea pigs inoculated with 
the specimen at this time were autopsied two months later, but no evidence of tubercu- 
losis could be found. No colonies of tubercle bacilli developed on culture. The patient 
completed her pregnancy before another lavage and inoculation could be done. Because, 
of the questionable findings it was felt that the infant should be isolated from the mother 
until a definite diagnosis could be established. At the time of her discharge from the 
hospital this was still impossible. 

Case S: G. F., a 48 year old male Negro, dining car attendant, entered the dispensary on 
August 12, 1944, with intermittent attacks of dull chest pains, headache and dizziness, 
accompanied by nonproductive cough. The patient had had gonorrhea in 1936 and, six 
months previousl}’’, had been found to have a blood Wassermann reaction of 4-plus. Phys- 
ical examination revealed increased tactile fremitus and vocal resonance with a few 
moist rdles over both upper lung areas. Systolic murmurs were heard over the mitral and 
pulmonic areas. He had a sedimentation rate of 26 mm. per hour, no rise in daily tem- 
perature, 4-plus Wassermann and Kahn reactions. He occasionally coughed up flecks of 
blood. Fluoroscopy and X-ray diagnosis was bilateral fibrotic upper lobe tuberculosis 
with cavitation and questionable activity. On November 22 many atypical and a few 
t5q)ical acid-fast bacilli were found in the gastric washings. Inoculation of this specimen 
into guinea pigs failed to produce any evidence of tuberculosis in two months. Repeated 
sputum examinations were negative for acid-fast organisms. On March 21 another gas- 
tric washing showed several acid-fast bacUli per high power field. No evidence of tuber- 

* First report written on a study made ns a partial requirement for the degree of Master of 
Science in Medicine in the graduate school, University of Illinois, College of Medicine, 
Chicago, IHinois. 
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culo-i.'t coulfi hi* found in piinon jiiri inociilut^-d v/ith tin-; t!j>';iiinfn. No co!oriIf-s of 
tiilwTcIi* bacilli could Im* pjnwii by riiUuro mctbodM. lk-crtU'<* of tin* palicnt*/! jjo'ition fi3 
n fcMKl h.'inillcr in n milroad dining c.'ir, nn rxnct f-vidiintion of bin ability to tr.'!n™it n 
tulK'rnilouf infection wna minired. However, the ncti’.-ity of tbf be ion ! i" not difinMl nt 
pre-'ont bcc:ui*!e of tbe wjuivocrd InlHimton* finding**. 

In the pu-st year (April 1, lOM toAjiri! J, lObo) I03g.a‘!tric lavnge*; have been 
IM'rfortnwl at tin: UniverHity of Illinois l{(«earch and Iviucation.nl Ko-Tjiital as an 
aid in the diagnosis of pultnonary tuberculosis. In IS (17.7 jkt cent) of thase 
lavago.s acid-fast bacilli, inorphologicnlly rc.setnblinK tubercle bacilli, wore found 
by microscopic examination, but no colonies cotdd he grown from the washing.*? 
and typical visceral tuberculosis could not he producc<l after inoculation into 
guinea pig.s (1). 


m.scf.s.sfo.v 

In the 2 cases reported it can be seen that a conclusive decision as to the pras- 
once or nh-scnce of active pulmonary tuhcrcnlosis would have been of great 
practical value. If a patient lias active tiiseaso, he .should be placed on adequate 
therapy for hi.s own protection and for tlie F.nfcty of lies family and associ.stas. 
If there is no active Ic-sion, however, he .should be .sjiarcd the waste of time, the 
expon-so and the worry of prolonged thcrajjy. Thi.s report is concerned with the 
nature and identity of thc.«c acid-fast rod.s and their failure to grow in cultures 
or to infect guinea jiigs. The problem has practical .significance in a .small, but 
none the less important, group of p.aticnts with regard to accurate diagnosis, 
early therapy as required, and reliable prognosis. 

The organi-sms under investigation arc probably not mere acid-fast saprophytes 
which have been introduced into the stomach with raw fruit, vegetables, tap 
water, air, or nasal .secretions. The majority of such saproplu'tcs produce char- 
acteristic, rapidly growing colonics on culture media and usually can be dificrcn- 
tiated microscopically from tubercle b.icilli by a competent technician. Care in 
sterilization of utensils and the use of sterile distilled water during the lavage 
will prevent contamination by other acid-fast organisms. Stadnichenko, Cohen 
and Sweany (2) Imvc stated emphatically that “acid-fast bacilli in the stomach 
content arc virulent and not indifferent saprophj'tcs.” Furthermore, in 17G of 
their patients who had no evidence of tuberculosis, no acid-fast bacilli wore found 
by gastric lavage, Floyd, Novack and Page (3) also failed to find any acid-fast 
organisms in the stomach contents of 219 normal persons. Robinson and Dunn 
(4), in compiling the gross results in the literature up to 1943, found only one 
positive result in 903 nontubcrculous persons. The possibility of accidental 
tubercle bacilli occurring in normal individuals is also eliminated bj’’ the same 
set of data. 

Immunity of guinea pigs to the tubercle bacillus has been suggested recently 
by Franco and Gurevitch (5) as an explanation of negative results in guinea pigs 
inoculated with supposedly virulent tubercle bacilli. This factor, however, can 
be controlled adequately by the inoculation of a large amount of sediment from 
the centrifuged specimen, by the injection of several animals xrith the same 
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materia], and by allowing a two-month period of observation before autopsy. 
Moreover, the culture plate will aid in identification of the bacilli in these cases. 

Naturallj’’ avirulent or hj^jovirulent tubercle bacilli which fail to infect guinea 
pigs after emplojunent of the precautions noted above are occasionally encoun- 
tered, but are not a serious problem in diagnosis. Stadnichenko, Cohen and 
Sweany (2) found onl}’- one case in 211 in which the bacilli were of such low 
wulence that the}'’ failed to cause t 5 'pical lesions when a heavy inoculum was 
used and the guinea pigs were observed for two months. 

The most logical explanation of our anomalous findings is that the tubercle 
bacilli are acted upon by some agent in such a way as to destroy their patho- 
genicity for guinea pigs without rendering them um-ecognizable microscopically. 
(In addition to the disparity between microscopic diagnosis and guinea pig 
diagnosis, it has been noted that many lavage specimens are reported to contain 
"numerous tj-pical and atypical acid-fast bacilli.” Although the morphology 
of the tubercle bacillus is knowo to be varied, the organisms recoverable in 
sputum examinations are rarely "atypical.” This aspect of the problem is at 
present under investigation and will be reported at a later date.) Since guinea 
pigs usually develop tuberculosis when injected with sputum specimens which 
yield a positive smear, the agent responsible is probably in the gastric juice. 

The effects of various agents have been studied wthout any satisfactory agree- 
ment among investigators. Roper and Ordway (6) showed that the presence 
or absence of bile in the gastric specimens had no influence on the results of 
animal inoculation. They also demonstrated that N/10 free hydrochloric acid 
(stronger than is ever found in the normal stomach) did not affect the viability 
of human tubercle bacilli after an e.xposure of forty hours. Inkster and Glojme 
(7) incubated tuberculous sputum for one and a half hours in gastric juice with 
as much as 62 degrees acidity -nathout destroying the virulence of the tubercle 
bacilli. Falk (8) as early as 1882 found that gastric juice did not kill the organ- 
• isms in tuberculous material taken from human lungs at autopsy, but failed to 
state in his paper the time allowed for action of the gastric juice. Cadeac and 
Bourney (9) administered to dogs tuberculous material mi.xed with feed and were 
able to recover stainable and pathogenic organisms from the stomach and gastro- 
intestinal tract twelve hours after feeding. The reviews of their paper do not 
state the findings of experiments lasting more than twelve hours, and the original 
paper is not available. 

On the other hand, Bartle and Harkins (10) compared the pathogenicity of 
tubercle bacilli when introduced by mouth and when introduced intraperitoneally 
in guinea pigs. The}’’ found that the latter route resulted in more destructive 
tuberculous lesions and present this as an evidence of the bactericidal actmty 
of the stomach. The strict validity of this conclusion may well be questioned. 
However, it is a well kno'rni clinical observation that tuberculosis of the stomach 
caused by ingesting or swallowing tubercle bacilli is extremely rare. Hence, it 
must be suspected that the bactericidal effect of gastric juice may have an influ- 
ence on the patliogenicity of tubercle bacilli for experimental animals. Because 
of the confusion indicated by the reports in the literature and the indirect but 
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fairl}’- substantial evidence suggesting gastric juice as the agent affecting the 
bacilli, investigation of this relationship seemed to be not only of scientific 
interest but of some practical importance. 

EXPERIMENTAL PROCEDURE 

It is unnecessary to discuss here the development of the gastric lavage and 
guinea pigs inoculation teclmiqucs for the diagnosis of pulmonary tuberculosis 
in adults. Poulsen and Anderson (11) have given a complete review of these 
techniques. Investigators in many foreign countries as well as in the United 
States have amply demonstrated the efficiency of these methods. Recent im- 
provements in culturing the tubercle bacillus have given results as good as, 
but no better than, guinea pig inoculation (4). Since the number of positive 
results in culture and by inoculation has run almost exactly parallel in our series, 
it was felt that studies on guinea pigs alone would give results comparable to 
culture methods and at the same time conserve complex media. Tlie frequency 
of culture contamination by rapidly growing organisms present in normal gastric 
juice and the possibility of the early use of the sldn tuberculin reaction in the 
guinea pig method would seem to make the latter technique the more desirable. 

The sputa of 3 patients with advanced pulmonary tuberculosis were collected 
and pooled. Microscopic examination of the sputa using the Ziehl-Neelsen 
stain showed the sputa to be loaded -with many typical, thin, nodular, acid-fast 
bacilli. In order to limit the number of factors influencing the results, no con- 
centration or liquefaction methods using acids or alkalis were used. (The 
routine use of these agents probably does not influence the pathogenicity of the 
organisms (1).) Injection of this specimen subcutaneously into the inguinal 
region of 2 guinea pigs produced typical visceral caseous lesions from which the 
organisms could readily be recovered at autopsy. A similar result was obtained 
with the control when the untreated sputum was incubated at 37°C. for sixty- 
five hours. 

Gastric lavages were done before breakfast on 2 patients %vith no evidence of 
tuberculosis and no gastrointestinal lesions, and the specimens were pooled. 
The juice contained 22 degrees of free hydrochloric acid (calculated in terms of 
cc. of N/10 sodium hydroxide required for neutralization of 100 cc. of gastric 
contents). Injection of an untreated portion failed to produce any lesions sug- 
gestive of tuberculosis in 2 guinea pigs, and no organisms could be found after a 
careful search at autopsy. 

Forty cc. of this normal gastric juice (about the average amount of residuum 
found during the interdigestive state) was mixed thoroughly with 5 cc. of tuber- 
culous sputum and the mixture incubated at 37°C. At intervals throughout the 
incubation period, the mixture was shaken to simulate the motility of the 
stomach. From time to time 2 cc. of the mixture was withdrawn and injected 
subcutaneously into the left inguinal region of a guinea pig. Three animals were 
used for each time interval. Each group of 3 was isolated from the other groups. 
At the end of four weeks 0.2 cc. of a 1:1000 solution of Old Tuberculin was 
injected intracutaneously on the abdomen; the results were read in forty-eight 
hours. Two and a half months after inoculation the animals were autopsied 
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and smears made of ])oth inguinal nodes, Bjilccn, liver and, when suspicious, lungs. 
Gross demonstration of caseous tubercles and microscopic identification of the 
organisms with Zichl-Neclson stain were reported as positive (+). Absence of 
any organisms, Ijunphadcnopathy or caseous tubercles was reported as negative 
(— ). Slight lymph node enlargement or at 3 'pical organisms were reported as 
“plus-minus” (=b). All utensils ^Yo^c carcfullj* sterilized and sterile distilled 
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* 1, 2, 3 = Number of the animal in each group. 


water was used for washing. The techniques emploj'-ed in the experiment, as 
well as the methods used in our hospital, are similar to those suggested by the 
American Trudeau Society Committee of Standard Procedure (1) and a 1941 
symposium on the demonstration of tubercle bacilli giving the views of promi- 
nent investigators. The results are shown in table 1. 

RESULTS 

It may be seen from table 1 that tuberculous sputum exposed to normal gastric 
juice at body temperature for about ten hours began to lose its pathogenicity for 
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guinea pigs. After twenty-one hours the sputum was rendered completely 
innocuous. A more exact determination of this period of time could have been 
made, but was considered unnecessary and impractical, since the time needed 
for destruction of the bacilli wdl vary somewhat with the virulence of the or- 
ganisms, the number present, the strength of the agent in the gastric secretions, 
the natural resistance of the guinea pigs used, and the temperature of incubation. 

It is interesting to note that the findings confirm the work of Sayago (13) in 
that the intracutaneous tuberculin reaction, the gross findings at autopsy and 
the microscopic examination of suspicious lesions agree closely and serve as 
checks on each other. 

The variability of the guinea pig response is demonstrated and emphasizes 
the necessity of using 2 or more animals for each specimen. 

The tuberculin reactions varied quantitatively in each group and could not be 
used as evidence of the degree of infection present. 

CONCLUSIONS 

Under the conditions of the experiment, virulent tubercle bacilli in human spu- 
tum after incubation in normal human gastric juice for ten to twenty-one hours 
at 37°C. were rendered nonpathogenic for guinea pigs and could not be recovered 
from their organs at autops}^ The exact limit of retained pathogenicity mil 
vary with each specimen. The clinical significance of these findings may be 
summarized as follows: 

1. Since all of the patients considered had either early minimal infections or 
were merely suspected of having active tuberculosis, the number of bacilli reach- 
ing the stomach would be relatively small. Thus the action of the gastric juice 
would be more effective in preventing infection of guinea pigs by the bacilli. 
The incidence of “false negative” results would necessaril}’’ be higher, therefore, 
in cases of this type. 

2. A few tubercle bacilli may remain in the stomach overnight (twelve or more 
hours) and give “false negative” guinea pig tests after being acted upon by the 
gastric secretions. This is especially likely in early cases in which only occa- 
sional showers of organisms appear in the stomach. Because of the compara- 
tively rapid emptying time of the stomach, and the statistical infrequency of 
these results in the literature, this factor is probably an infrequent one. 

3. Viable, vii-ulent organisms recently swallowed and not yet removed as the 
result of gastric motility may lose their pathogenicity if not injected into guinea 
pigs mthin a few hours after aspiration. In our hospital, as in many hospitals 
at the present time, the technicians are overburdened with a multiplicity of war- 
time duties. Guinea pigs are often not inoculated until the following day, and 
some specimens ma}^ stand in the icebo.x or at room temperature over the week- 
end. The bacilli may be destroyed by the gastric juice, thus producing a “false 
negative” guinea pig test. This is not a problem in special institutions handling 
only tuberculous patients. In such institutions, rapid and efficient methods 
have been developed for the handling of a large number of specimens. 

4. Since free hydrochloric acid of the concentration found in the human stom- 
ach is apparently ineffective in destroying the tubercle bacillus, either gastric 
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lipase acting in an acid medium or pepsin in the presence of hydrochloric acid 
are suggested as possible agents capable of destro 5 dng the pathogenicity of the 
organism. Further studies of tliis relationship will be reported in a later paper. 

. CONCLUSIONES 

En las condiciones de este experimento, los bacilos tuberculosos viinilentos 
que contenia cl esputo humano mostrdronse anapatdgenos para los cobayos 
tras la incubacidn en jugo gdstrico humano normal durante 10 a 21 horas a 
37° C, y no pudieron aislarse de los drganos de dstos en la autopsia. Las cifras 
exactas de la patogenicidad retenida variaron en cada ejemplar. El significado 
clinico de estos hallazgos puede sumarizarse en esta forma: 

1. Como todos los enfermos estudiados bien tenian, infecciones minimas tem- 
pranas o eran meramente sospechosos de tuberculosis, el mimero de bacilos que 
llegaban al estdmago debid ser relativamente pequeno, de modo que la accidn 
del jugo gilstrico serla mds eficaz para impedir la infeccidn bacilar del cobayo, 
En cases de este gdnero la incidencia de “seudonegativos” seria por lo tanto 
forzosamente mayor. 

2. Algunos bacilos tuberculosos pueden permanecer en el estdmago durante 
la noche (12 hs. o mds) y producir reacciones “seudonegativas” en el cobayo 
despuds de ser atacados por las secreciones gdstricas. Esto es sobre todo, 
probable en los cases tempranos, en que sdlo llegan al estdmago Uoviznas ocasio- 
nales de microbios. Debido al tiempo de vaciamiento comparativamente rdpido 
del estdmago y la rareza estadlstica de este fendmeno en la literatura, este factor 
tambidn es probablemento rare. 

3. Los microbios virulentos viables recidn ingeridos y no retirados todavla 
por efecto de la motilidad gdstrica, pueden perder su patogenicidad si no se les 
inyecta en el cobayo a las pocas horas de la aspiracidn. En el hospital donde se 
Ueva a cabo este estudio, asi como en muchos otros, los mddicos se hallan actuaJ- 
mente sobrecargados con ima multitud de tareas relacionadas con la guerra, 
de modo que los cobayos a menudo no son inoculados sino hasta el dia siguiente 
y algunos ejemplares pueden permanecer en la nevera o a la temperatura am- 
biente todo el fin de semana, Los bacilos tambidn pueden ser destruidos por el 
jugo gdstrico dando asi una reaccidn “seudonegativa” en el cobayo. Esto no 
constituye un problema en las instituciones especializadas que sdlo atienden 
tuberculosos, pues en ellas se han elaborado tdcnicas rdpidas y eficaces para el 
manejo de una gran cantidad de ejemplares. 

4. Como el 'dcido clorhidrico fibre a la concentracidn encontrada en el estd- 
mago humano es aparentemente ineficaz contra el bacilo tuberculoso, se han 
mencionado, como posibles agentes capaces de destruir la patogenicidad del 
microbio, la fipasa gdstrica actuando en un medio dcido o la pepsina en presencia 
de acido clorhidrico. En un trabajo subsecuente se describirdn nuevos estudios 
de esta relacidn. 
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ANATOMICAL STUDIES ON HUMAN TUBERCULOSIS* 

XXII. Primary Foci without L 3 rmph Node ChauEcs 
Additional Obscrs'ntions 

KOUNEI, TElll’LAN 

In t^Yo previous papers (1) it was showii that primary tuberculous infection can 
restrict itself to one or more parenchymatous foci in the lung tissue uuthout lead- 
ing to further spread to any ljunph node draining the area of the primary foci. 
The bronchomediastuial IjTuph nodes and intrapulmonaiy ljunph nodules were 
free of tuberculous changes including active granulation tissue and fibrous- 
chalky or stony scars. The Ijanph nodes regional to the primaiy focus or foci 
were exaramed in complete serial sections in several aases of our previous series, 
which included in all 5 children and 21 adults. Tliis represented 8.8 per cent of 
all (57) eases of children examined postmortem in which various tuberculous 
lesions were found (2), .and between S and 9 per cent of 245 adult cases with 
tuberculous findings. It was stated in the concluding paragraph to one of our 
papers (XII) that this type of primaiy infection, restricted to a small parenchy- 
matous lesion, should not be considered as exceptional or even as infrequent. 

In the present paper additional obseiwations will be reported to call attention 
once more to these primarj* foci without any trace of regional Ijunph node 
changes. The material used for this study is from the past five years. As 
there is hardly anj' other information available in the literature than our figures 
quoted above, it seemed of interest to loam bow far our new observations might 
confirm or modify our previous impression as to the incidence of these small 
primar,' foci without any spread to lymph nodules, which presented such a 
striking exception to the law of Parrot. It was felt, also, that this tjTpe of tuber- 
culous infection deserves the attention of all those pathologists who are interested 
in the exact incidence of tuberculous lesions found postmortem. The small and 
frequently minute size of these primarj' tubercles makes a most careful anatomi- 
cal search imperative. Without postmortem X-ray photographs and ndthout 
complete histological study of all the calcified structures seen radiographically 
and identified bj' dissection, obviouslj' most, if not all, of these small primary 
foci would be missed. Any statistical studj' of the incidence of tuberculous 
lesions, not based on roentgenological and complete histological studj', but 
merelj' on the usual routine macroscopic exammation of the lungs, does not 
jdeld reliable figures. Apart from these small foci without lymph node changes, 
healed primary complexes mth small parenchjnmal and Ijmiph node components 
might also be overlooked. If the morphological analj'sis of our postmortem 
material of our present series has shown that, among nearly 100 cases between 
four and forty j'ears of age, more than one-fourth represent this type of infection, 

‘ From the Department of Pathology, Medical School, University of Buffalo, and the 
Pathology Laboratories of the General Hospital and Children’s Hospital, Buffalo, New 
York. 
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it is clear that any future anatomical statistical study cannot ignore these pri- 
mary foci without lymph node changes. Their incidence, as found in the post- 
mortem material of general hospitals for adults and children, is far greater than 
might have been expected from the scarce notes in the literature which we quoted 
in our previous papers. Our findings are also of interest, as we have stressed 
repeatedly in the past, in regard to the tuberculin reaction of persons harboring 
small scars of first infection, entirely restricted to the lung tissue. It is probable 
that m most cases of our present series the tuberculin reaction would have been 
negative. The charts did not give any information on these data. A negative 
tuberculin reaction — in healthy persons of these younger age groups — indicates 
either the absence of any previous tuberculous infection or the presence of a 
practically inert, obsolete tuberculous scar of the primary focus or foci, or of 
entirely healed primary complexes. While these latter might be recognized on 
the chest film, the small foci restricted to the pulmonaiy parenchyma are apt 
to escape roentgenological recognition during life. 

The material used for this study was taken only from children and adults of 
the second, third and fourth decade. We shall present our findings only in 
relation to the total incidence of tuberculous lesions in these age groups. All 
cases in which careful gross dissection of the respirator^’' and intestinal tract did 
not reveal any tuberculous lesions, either in the parenchjnma or in the ^rmph 
nodules, in which, however, postmortem X-ray examination was not carried out, 
were excluded from our material. TlTiether these were actually negative or 
whether some might have harbored small primary foci without l3Tnph node 
changes has to remain uncertain. It is possible that the incidence of these small 
parenchymatous primary lesions was actually higher in the entire postmortem 
material than it would appear from the selected material, including only those 
cases which were sufficiently studied by postmortem X-ray films. These alone 
will be used for our present discussion. 

The findings in 5 children and 22 young adults are given on table 1. Plate 1 
shows a low power field of the primary foci in 5 instances; the magnification is 
about SOX. 

Only in 2 cases of the present series were the intrapulmonary and broncho- 
mediastinal lymph nodes regional to the area of the parenchymatous focus 
examined in complete histological serial sections. Selected sections through 
various levels of the regional Ijmph nodes were made in 9 instances of the present 
series, including one child and 8 adults. In the remaining cases (3 children and 

13 adults) there was no histological study of the intrapulmonary and bronchome- 
diastinal lymph nodules. In all these latter cases, however, the lymph nodules 
were carefully examined and sliced. They were, in every single case, of normal 
size, soft and free of fibrous nodules or scars. 

As to the structural state of these primary parenchjmatous foci, they were 
caseous-chalky within a thin mesenchymal or already^ hy'alinized capsule in 3 
children, and firmly calcified in the 2 remaining cases of this group. In the adult 
group they were chalky-calcified in 4, in more pronounced state of calcification 
also in 4, and in firm stony-ossified state with a more or less typical bony ring in 

14 instances. 
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TABLE 1 


Primary focus or foci without lymph node changes 

CHILDREN 




rwitAHY rocTJS oe roa 

. 

CASE KUinJEU 

ACC, TlACE, sex 

Number 

Size and location 

Structural state 

SPCaAL CE1£AS£S 

C. H. 1132 

4, White M 

1 

2x1 mm.; upper 
third, left up- 
per 

Caseous-chalky; 
hyaline capsule 


C. H. G66 

9, White M 

2 

1 mm., each; up- 
per third, right 
upper 

Firmly calcified 

Perifocal fibrosis 

C. H. 1182 

10, White F 

1 

1 mm.; lower 
third, right 
lower 

Chalky -calci fied ; 
thin mesenchy- 
mal capsule 
(figure 1) 

Calcified pul- 
monary duct 

B. G. H. 2999 

11 llTiite F 

1 

2 mm.; lower 
third, left lower 

Early calcifica- 
tion 

Serial sections 
through 
lymph nodes 

C. H. 1161 

llj, White M 

1 

1-2 mm.; subapi- 
cal portion, 
right upper 

Calcified; fibrous- 
capsule (figure 
2) 


% 



ADULTS 



5454 

21, White F 

1 

1-1,5 mm.; right 
lower 

Chalky -calcified 


5122 

21, White M 

1 

2 mm.; right mid- 
dle 

Stony (figure 3) 


2941 

23, Colored F 

2 

1 mm.; each; hi- 
lar area, right 
upper, left low- 
er 

Chalky-calcified 


2650 

23, White F 

1 

lmm.;subapical 
left upper 

Stony-ossified, 

marrow 


5045 

25, White F 

3 

0.8-1 .5 mm. ; right 
lower and right 
middle 

1 firmly ossified 

2 fibrocalcified 


4763 

25, White F 

2 

2 mm., 3 mm.; 
middle third 
left upper, 
right middle 

Stony-ossified 
(figures 4 and 5) 

Serial sections 
through 
lymph nodes 













396 


KORNEI. TERPEAN 


TABLE l~-Coniimicd 




rRntAUV rocos or roa i 

__ 1 


CASE NtmUEE 

AGE, RACE, SEX 

Number 

Size and location 

Structural state 

[ srzaAi. SE5IARXS 

! 


ADULTS 


5777 

25, White M 

1 

2 mm.; middle 
third, right 
lower 

Calcified 


5404 ' 

26, White M 

2 

2 mm., each; right 
upper 

Stony-ossified 


5257 

26, White F 

1 

1-1.5 mm.; left 
lower 

Stony, thin bony 
ring 

3 osteomatas i' 
right lower 

5239 

26, White F 

1 

1mm.; right 
lower 

Calcified 

Phlebolith; 2 
osteomata 

5114 

26, White F 

1 

1 

O.S-1 mm.; up- 
per third, left 
lower 

Chalky-calcificd 

Calcified pul- 
monary duct 

5214 ' 

27, White F 

ll 

1-1.5 mm,; right 
upper 

Calcified, bony 
shell 


5736 

27, White M 

5 

1-1.5 mm., each; 
4 in right mid- 
dle and lower 
third right up- 
per;! in upper 
third left upper 

1 Calcified-ossified 

! 

5742 

27, White F 

2 

0.5, 0.9 mm., 
each; subapical 
area (symmet- 
rical) 

Stony-ossified 

1 osteoma, 2 
mm. 

5213 

28, White F 

1 

2 mm.; upper 
third left lower 

Stony, bony ring 
(figure 6) 


5657 

30, White M 

8 

1-2 mm., each; 4 
in left lung; 4 
in hilus level, 
right lung 

Firmly stony, one 
with some bone 


4665 

31, White F 

i 

1 

i 

i 

4 

1 mm., each right 
upper, right 
lower, left low- 
er 

Stony-ossified 
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TABLE 1 — Continued 




PRIMARY rOCUS OR TOCI 


CASE NUMBER 

AGE, RACE, SEX 

! 

Number 

Size and location 

Structural state 

SrEaAL REMARKS 


ADULTS 


5774 

31, White jM 

1 

1 mm.; middle 
third, left up- 
per 

Calcified. Lang- 
hans’ giant cells 
in periphery 

2373 

35, White F 

1 

2 mm.; lower 
third, left low- 
er 

Fibrous scar- 
chalky 

4864 

37, White F 

1 

2 mm.; lower half, 
left lower 

Stony-ossified 

5660 

37, White M 

2 

Slightlj- less than 

1 mm.; i-ight 
middle and up- 
per third left 
lower 

Calcified-ossificd, 
hyaline wall 

4933 

38, White M 

1 

0.5-1 mm.; apex, 
right ui)per 

Calcified, fibrous 
wall 


We add to this table 2 cases wliicli, from the gross anatomical appoaranee, were thought 
to belong to the same group. Histological studj' of all calcified tubercles found in the 
parenchyma proved that in both there were calcified tubercles in intrapulmonary lymph 
nodules regional to the parenchymatous foci. One was seen in a child Oj years old, the 
other in a colored female 46 years of age (these 2 cases are not included in our discussion) : 


C. H. 1123 

9h White M 

5 

j 

1mm.; 2 in right 
lung, 3 in left 
lung 

Calcified, thin 
fibrous capsule 

2 calcified lymph 
nodules, right 
lung; 1 calci- 
fied lymph 

nodule, left 
lung— 1 and 2 
mm. A few 
osteomata 

B. G. II. 2114 

1 

46, Colored F 

2 

2 mm.; upper 
third left upper; 
bases right 

lower 

Stony-ossified; 

stony-chalky 

1 subplcural fi- 
brousconglom- 
crate tubercle, 
right middle 
(lymph nod- 
ule) 


As to the minibcr of these primary foci, they were single in 17 cases (including 
-1 children); there were 2 in G cases (including one child); and 3, 4, 5 and 8, 
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Plate 1 
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respectively, in the remaining cases — ^all in the adult group. The location of 
these parenchymatous lesions is in no way different from that observed in typical 
primary infections. The middle field appears as the preferred site. The figures 
are as follows: upper field: left 3, right 5; middle field: left 9, right 14; lower field: 
left 7, right 4. Only in one instance was the primary focus in the apex (the actual 
summit) of one upper lobe. It was a minute calcified stone within a firm fibrous 
wall. 

In the cases with two primary foci the lesions were in the same lobe in 2, at 
fairly symmetrical levels in both limgs in 3, and at distinctly different levels of 
both lungs in one case. In the 4 cases with more than two foci the location 
included various areas of both lungs. The sizes of these small lesions, given in 
column 5 of the table, indicate the diameters of the tubercles in the stained 
sections. Only one focus had a diameter of 3 mm.; the majority were between 
1 and 2 mm., while in one lesion (No. 5742) the diameter was slightly below 1 mm. 
It is in this case that an “osteoma” was also revealed by the X-ray photograph. 


TABLE 2 


VAMOT3S TUBZIlCUXOTJS CSANGES— EXCLTOIKG TSlMAItY ' 

roa wiTSODT ryirpB koue changes 

?Rn£AEY roci WITHOUT LYMPH NODE CHANCES 

Age groups 

Number of cases 

Age groups 

Number of cases 

5-10 years 

7 

5-10 years 

3 

11-20 years 

12 

11-20 years 

2 

21-30 years 

15 

21-30 years 

16 

31-40 years 

35 

31-40 years 

6 


69 


27 


It was of smaller size (2 mm.) than the two symmetrical primary foci in each 
subapical field. Other calcified lesions of nontuberculous nature included two 
“osteomata” and one phlebolith in one case, three “osteomata” in another, and a 
calcified thrombus in the pulmonary duct in 2 cases. The minute size of all these 
calcified structures, especially if found in the same case (combining a true primary 
focus, a phlebolith and two “osteomata,” all between 1 and 2 mm. in size), 
makes histological study indispensable. It is frequently impossible to differ- 
entiate these lesions with the unaided eye, especially if they are only 1 or 2 mm. 
in thickness. Although the size of these primary tubercles is obviously small, 
a comparison with the figures of the healed primary foci in all those cases in which 
a reinfection complex had occurred (3) reveals that the majority of these old 
foci of first infection did not exceed 2 mm. in diameter, 22 were between 1 and 
2 mm.,’ and 12 between 2 and 4 mm. 

Among 19 cases with various tuberculous lesions in children below four years 
of age, there was no instance with a single focus without tuberculous Isunph 
node changes. 

The relation of our cases with these single foci without spread to lymph nodes 
to the other more usual anatomical types of tuberculous lesions in our selected 
material, including all positive cases found in these age groups, is seen in table 2. 
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The 69 positive cases listed in column 2 included 22 with progressive fatal 
tuberculosis, 45 mth a closed chalky or calcified primary’’ complex and 2 with two 
complexes of different age. 

If only the 5 cases of the children’s group (table 1) are related to our entire 
material of 37 cases (from nine months to sixteen years) i^dth various types in 
children alone — ^which will be discussed in one of the forthcoming papers — of 
tuberculous lesions the percentage of foci without l 5 Tnph node changes is 13.5 — 
somewhat in excess of the figure in our pre\dous series in children, which was 
8.8 per cent. 

It is obvious that the incidence of primary foci without lymph node changes in 
these selected yoimger age groups is distinctly higher than in the material pre- 
sented in the previous paper in which all adult groups were included, with 6 
instances from cases above forty years of age. Our present figures, therefore, 
are hardly comparable noth the former series. As the time of infection cannot 
be accurately estimated from the histological structure alone, especially in the 
obsolete state in which most of these primaiy tubercles in our adult group were 
found, no comment seems ad\dsable on the surprisingly high incidence of foci 
without lymph node changes in the third decade. These cases exceeded those 
with various other tuberculous findings, including 4 instances with fatal pro- 
gressive primary, or reinfection tuberculosis, 2 ndth a reinfection complex and 9 
with a closed primary complex. There was a relatively large death rate of yoxmg 
adults, previously in the best of health, in the second and third decade, who had 
succumbed to the poliomyelitis epidemic in the summer and fall of 1944. Most 
of them were either entirely free of any tuberculous lesion or harbored these 
single foci without lymph node changes. 

In the course of our systematic morphological studies of tuberculous lesions in 
adults, it was learned that anatomical effects of the first tuberculous infection 
might be incidentally encountered in an increasing number of young adults, and 
that frequently the structural state of the primarj’^ tubercles and the changes in 
the regional lymph nodes suggested strongly that they were acquired well be 3 mnd 
the age of puberty. It is in part for this reason that in the last five years our 
search for the incidence and type of tuberculous lesions has centred more about 
the younger age groups. In these it is unlikely that a calcified primary tubercle, 
once established in the pulmonary parenchjuna, should be completely resorbed. 
That occasionally a primary caseated tubercle might be entirely organized by 
fibrous tissue is certain, but even these fibrous scars seem to persist in a more 
or less calcified state. This fibrous organization, however, is, on the basis of 
our experience in many hundreds of cases, the exception rather than the rule. 

The morphological analj'sis of the 27 cases in this series, with one or more 
primary foci without lymph node changes, represents a percentage of 28.1 out 
of a total of 96 cases with anatomical findings of tuberculosis. From this it can 
be concluded that such minimal primarj' tuberculous infections of the limg 
tissue are not rmcommon at all. They prove that primary infections can heal 
in situ without invohdng regional lymph nodules and lymph nodes. That such 
a successful healmg at the site of the primary lesion by complete encapsulation 
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and scar formation is not necessarity a protection against a reinfection was shown 
in a few instances published in previous papers on the reinfection complex. In 
some of these the size of the primarj’’ focus was just as small as in the cases of this 
series, and there was no spread from this focus to the regional lymph nodes. Yet, 
a rather typical complex of reinfection had formed which was found in a com- 
paratively recent state, with massive involvement of the lymph nodes. Whether 
or not one is justified to postulate slight (abortive) infections caused by a rela- 
tively small number of bacilli as the main causative factor for these restricted 
tissue reactions and the small size of these primary tubercles cannot be stated 
with any degree of certainty on the basis of our findings. The factor of successful 
resistance of the host tissue appears of no less importance. 

It is possible that this apparent increase of such small primary tubercles re- 
stricted to the lung tissue reflects the declining trend in the incidence of tubercu- 
lous infections in general and of those leading to progressive disease in particular. 

There were hardly any studies carried out in the past, especially in non- 
metropolitan cities, which could serve as comparable material for the figures 
reported in this paper. Detailed systematic anatomical and histological ob- 
servations, including particularly postmortem X-ray photographs, are not avail- 
able in any comparable manner in the tuberculosis literature. It is possible 
that these small primary foci jvithout Ijrmph node changes might have been 
present but not recognized — ^because not anticipated — ^by the pathologist when- 
ever no tuberculous lesions were found m any lymph node group. 

SUMMARY 

Additional observations of primary foci without lymph node changes, inciden- 
tally found in 5 children and 22 young adults, are reported. These figures rep- 
resent about 28 per cent of a total of 96 cases with various findings of tuberculosis 
in children between four and sixteen years of age, and in adults from twenty to 
forty years. Number, size, location and structural state of the primary foci are 
listed in table 1 ; their numerical relation to the cases with a variety of tuberculous 
lesions, including progressive fatal tuberculosis and the usual picture of the closed 
primaiy complet, is presented — in corresponding age groups — in table 2. 

Anatomical statistics as to the exact incidence of tuberculous lesions as found 
postmortem in general and cliildren’s hospitals will prove more reliable if such 
cases with a small primary focus or foci "without a lymph node complex are not 
overlooked. They are by no means imcommon. 

SUMARIO 

Pres6ntanse nuevas observaciones de focos primarios sin alteraciones ganglio- 
nares, descubiertos fortuitamente en 5 ninos y 22 jdvenes. Estas cifras repre- 
sentan aproximadamente el 28% de un total de 96 casos con varios hallazgos de 
tuberculosis en ninos de 4 a 16 anos de edad y adultos de 20 a 40 anos. Por 
grupos de edades correspondientes, enum4ranse en la tabla 1: elmimero,tamano, 
locaIizaci6n y estado histoldgico de los focos primarios; y en la tabla 2 su relacidn 
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nximfirica con los casos en que existen varias lesiones tuberculosas, incluso 
tuberculosis letal evolutiva y el cuadro habitual del complejo primario ceixado. 

Las estadlsticas anatdmicas en cuanto a la incidencia exacta de las lesiones 
tuberculosas, tales como se .encuentran en la autopsia en general y en los hos- 
pitales de ninos, resultardn mds fidelignas si no pasan por alto los casos, que no 
son muy raros, en que existen uno o mfis pequenos focos primarios sin compleib 
ganglionar. 
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National Tuberculosis Association — 42nd Annual Meeting 
American Trudeau SocietyT- 41st Annual Meeting 
National Conference Tuberculosis Secretaries — ^24th Annual Meeting 

BUFFALO, NEW YORK— JUNE 10-13, 1946 
All meetings will be held at the Statler Hotel 
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American Trudeau Society 
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2 :00 p.m. 
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3 :00 p.m. 
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American Trudeau Society 
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Ed-waiu) K. Funkhouser, Washington, D. C., Chairman 
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Advisory Committees: 

Administrative Practice 
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Seal Sale 

Bulletin Committee 
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^Report of Secretary 
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Medical Section 

Advances in Eoentgenologic Equiprnent 

Russell H. Morgan, M.D., Tuberculosis Control Division, U. S. Public 
Health Service, Washington, D. C. 

Treatment of Pleural Effusion by Frequent Aspiration 

Kirby S. Howlett, M.D., Laurel Heights Sanatorium, Shelton, Conn. 
Factors Affecting the Growth of the Tubercle Bacillus 

Bernard D. Davis, S. A. Surgeon, U. S. Public Health Service, and Rene J. 
Dubos, M.D., Rockefeller Institute, New York, N. Y. 
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Trends in Thoracic Surgery in the Treatment of Tuberculosis: 

Review of Recent Trends— Summary of Meeting, American Association for Thoracic 
Surgery , 

Eichaed H. Meade, Je., M.D., Chicago, 111. 

Experience in Thoracic Surgery in War Time 
Wm. M. Tuttle, M.D., Detroit, Mich. 

The Treatment of Pulmonary Tuberculosis by Resection - 

Richaed H. Oveehoi/t, M.D., N. J. Wilson, M. D. and J. T. Sztpulski, M.D., 
Boston, Mass. 

Lobectomy and Pneumonectomy for Pulmonary Tuberculosis 
Richaed H. Sweet, M.D., Boston, Mass. 

Discussion to be opened by Heebeet C. Maiee, M.D., New York, N. Y. 
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Robeet W. Osboen, New York, N. Y., Chairman 
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In Local Organization Pansy Nichols 
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Patients 
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H. F. Kilandee, Ph.D. 
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William A. Dopplee, Ph.D. 
, Maegaeet S. Tayloe, R.N, 
Holland Hudson 

Bailey B. Bueeitt 
H. CoEwiN Hinshaw, M.D, 


4 :30 p.m. 
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8 :00 p.m. 

General Meeting of the National Tuberculosis Association 
Report of the Coininittee on Nominations 
Award of the Trudeau Medal 
Address of the President 
Report of the Executive Office 

Wednesday, June 12 


9 ;30 a.m. 


Medical Section 

Evaluation of Cardiovascular Abnormalities Noted in Roentgenographic Surveys 
Howard West, M.D., Los Angeles, Calif., and Wm. Paul Thompson, M.D,, 
Los Angeles, Calif. 

Antigenic Properties of the Carbohydrate Fraction of the Tubercle Bacillus 
Sidney Rafeel, M.D., Stanford University, Calif. 
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V accination of Nurses in Training in General Hospiials and of Sanatorium Employees 
R. G. Ferguson, M.D., Fort San, Saskatchewan, Canada 
Discussion to bo opened by Joseph D. Aronson, M.D., U. S. Public Health Service, 
Washington, D. C. 

Studies in Streptomycin: 

Streptomycin in Experimental Tuberculosis 

Wm. H. Feldman, D.V.M., M.S., and H. Corwin Hinbhaw, M.D., Ph.D., 
Mayo Clinic, Rochester, Minn. 

Streptomycin in Clinical Tubercidosis 

H. Corwin Hinshaw, M.D., Ph.D., and Wm. H. Feldman, D.V.M., M.S., 
Mayo Clinic, Rochester, hlinn. 

Discussion to be opened by William Steenken, Jr., Trudeau Sanatorium, Trudeau, 
N. Y. 

Public Health Section 

Bruce H. Douglas, M.D., Department of Health, Detroit, Mich., Chairman 
Making the Most of Group Chest X-ray Services: 

Review of Relative Values of Tuberculosis Case-Finding Procedures 

Robert E. Plunkett, M.D., State Department of Health, Albany, N. Y. 
Group X-raying and Follow-up and Follow-through: 

(a) In a Stale C. W. Kammeier, Iowa 

(b) In a Large City Charles Kurtzhalz, Philadelphia, Pa. 

(c) In a Local Area speaker to be selected 

(d) Panel: Rochester — Monroe County, N. Y. Experience 

WiLUAM A. Sawyer, M.D., Chairman 

County Sanatorium Superintendent Ezra Bridge, M.D. 

City Health Officer Albert D. Kaiser, M.D. 

Medical Society Representative Paul W. Beaven, M.D. 

Tuberculosis and Health Association Marie Goulett 

Community Groups Mrs. Frank Gannett 

Industry to be selected 


2 :00 p.m. 


Medical Section 

Histoplasmin Sensitivity 

Michael L. Furculow, M.D., Tuberculosis Control Division, TJ. S. Public 
Health Service, Washington, D. C. 

Medical Mangemenl of the Recovery Phases of Tuberculosis: 

Medical Prognostic Criteria 

E. S. Maeiette, M.D., Glen Lake Sanatorium, Oak Terrace, Minn. 

Practical Experience with "In-Sanatorium” Rehabilitation Work 

I. D. Bobrowitz, M.D., Municipal Sanatorium, Otisville, N. Y., and Arthur 

N. Aitken, M.D., Niagara Sanatorium, Lockport, N. Y. 

Newer Knowledge in Air-Bome Infection: 

Methods for the Control of Air-Bome Infection 

O. H. Robertson, M.D., University of Chicago, Chicago, HI. 

Experimental Air-Bome Tuberculosis 

( Max B. Lurie, M.D., Henry Phipps Institute, Philadelphia, Pa. 

Discussion 

Public Health Section 

Tuiberculosis Associations: To-day and To-morrow 

A group of delegates returning from the 1946 NTA Annual Meeting in Buffalo 
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are discovered in the parlor car of a streamliner. Their vigorous comment on 
what they have hoard at Buffalo and their convictions as to what the Tuber- 
culosis Association of "To-day and To-morrow” should be, and what it should 
do, are of interest to “fellow passengers.” 

Partlclp.ants: 

William P. SncPAim, M.D., Chairman 

Former president of the California Tuberculosis and Health Association, San 
Francisco, Calif. (Insurance Executive) 

William Martin, president, Norfolk County Health Association, Quincy, 
Mass. (Banlvcr) 

I^Irs. Elizabeth Semenoff, school health director. District of Columbia Tu- 
berculosis Association, Washington, D. C. 

Filvnk L. Jennings, M.D., Superintendent, Sunnyside Sanatorium, Indian- 
apolis, Ind. 

A. H. Aaron, M.D., representative of the Buffalo and Erie County Tuberculosis 
Association 

(Other participants to be selected) 


4 :30 p.m. 

National Tuberculosis Association 
Board of Directors Meeting 
National Conference of Tuberculosis Secretaries 
Tea Dance 


8 :00 p.m. 

Clinical Roentgenological Conference 

Co-Chairmen, Chesley Bush, M.D., Arroyo Del Valle of Alemada County, Liver- 
more, Calif., and M. C. SosiUN, M.D., Professor of Roentgenology, Harvard Uni- 
versity, Boston, Mass. 

Panel: J. Burns Ajiberson, M.D., Bellevue Hospital, New York, N. Y. 

John B. Barnwell, M.D., Veterans Administration, Wasliington, D. C. 
Leo Rigler, M.D., University of Minnesota, Minneapolis, hlinn. 

John H. Skavlem, M.D., Cincinnati, Ohio 

Thursday, June 13 

9 ;30 a.m. 

Medical and Public Health Sections, Joint Session 

The Policies of the Veterans Administration vrith Regard to Medical Care 

Major General Paul R. Hawley, Surgeon General, Veterans Administration, 
Wasliington, D. C. 

Highlights in the Report of the Committee on Tuberculosis among Veterans 
Herbert R. Edwards, M.D., Department of Health, New York, N. Y. 

New Developments in the Tuberculosis Control Division, U. S. Public Health Service 
Heriun E. Hilleboe, M.D., Cliief of Division, U. S. Public Health Service, 
Washington, D. C. 

International Health Relations 

James A. Doull, M.D., U. S. Public Health Service, Washington, D. C. 
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ANNUAL MEETING PHOGRAM 


A R6sum6 of the Tuberculosis Experience of the U. S. Army — World T7ar 11 

EsiioND R. Long, Colonel, Medical Corps, OfFice of the Surgeon General, 
Army Service Forces, Washington, D. C. 

12 :30 p.m. 

General Meeting of the National Tuberculosis Association 

Brief talks by the incoming presidents of the National Tuberculosis Association, the 
American Trudeau Society and the National Conference of Tuberculosis Secretaries 


1 :00 p.m. 

New York State Committee on Tuberculosis and Public Health of the State Charities 
Aid Association 
Annual Meeting 


2 :00 p.m. 

American Trudeau Society 
Council Meeting 

National Conference of Tuberculosis Secretaries 
Executive Committee Meeting 
Conference on Tuberculosis Nursing 
Jean South, R.N,, Chairman 

Supervisor, Community Service Organization, New York, N. Y. 
(Program to be announced) 

Adjournment 


NOTICE 

United States Public Health Service / 

February 11, 1946 

Examinations for appointments of medical officers in the Regular Corps of the 
United States Public Health Ser\dce null begin on April 4 at various convenient 
localities throughout the country'', Surgeon General Thomas Parran has an- 
nounced. Examinations are for appointments to fill vacancies of Assistant 
Surgeon (First Lieutenant) and Senior Assistant Surgeon (Captain). 

Regular Corps appointments are permanent. They provide qualified doctors 
with opportunities for a career in one or more of a number of fields including re- 
search, general hospitals, special hospitals, foreign duty, and public health pro- 
grams. Assignments are made according to careful consideration of the officers’, 
demonstrated abilities and experiences. It is expected that doctors now leaving 
the armed ser-vices -uall find the openings of particular interest. 

Entrance pay for Assistant Surgeon noth dependents is $3,411 a year, and for 
Senior Assistant Surgeon with dependents is $3,991 a year. Promotions are at 
regular intervals up to and including the grade of Medical Director which cor- 
responds to full Colonel at $7,951 a year. Retirement pay at 64 is $4,500 a 
year. Full medical care including disability retirement at three-fourths pay is 
provided. All expenses of official travel are paid by the Government. Thirty 
day's’ annual leave -vsith pay is provided. 

Applicants for the grade of Assistant Surgeon must be citizens of the United 
States, must present diploma of graduation from recognized medical school, 
must have had or be in the process of completing the seventh year of college or 
professional training or experience since high school graduation (two years pre- 
medical, four years of medicine, one year internship), and must have a physical 
examination at the place of oral examination by medical officers of the Service. 
Applicants for the grade of Senior Assistant Surgeon must meet the above re- 
quirements and must have had four additional years of postgraduate training 
or experience. 

Examinations will be oral and -RTitten. The written examination ■w'ill be 
held on May 14, 15 and 16 at places convenient to the candidate and the Service. 
National Board grades may be used for the Assistant Surgeon examination. 
The oral examination vtU be held at 9 a.m. at the places and dates listed below: 

Atlanta, Georgia — Malaria Control in War Areas, 605 Volunteer Bldg April 22 

Baltimore, Maryland — Marine Hospital, Wyman Park Drive & 31st Street . . May 9 
Boston, Massachusetts — ^Marine Hospital, 77 Warren Street (Brighton) May 6 


Chicago, Illinois — Marine Hospital, 4141 Clarendon Avenue April 30 

May 1 

Cleveland, Ohio — ^Marine Hospital, Fairhill Road & E. 124th Street May 3 

Denver, Colorado — 617 Colorado Bldg April 8 

Detroit, Michigan — ^Marine Hospital, Windmill Pointe May 2 
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' Fort Worth, Texas — ^U. S. Public Health Service Hospital April 25 

Kirkwood, Missouri — near St. Louis — ^Marine Hospital, 525 Couch Ave April 26, 27 

Los Angeles, California — ^USPHS Relief Station, 406 Federal Building April 9 

Minneapolis, Minn. — Office of Indian Affairs, 218 Federal Office Bldg April 29 

New Orleans, Louisiana — ^Marine Hospital, 210 State Street April 23, 24 

New York, New York — ^Marine Hospital, Stapleton, Staten Island May 7, 8 

Norfolk, Virginia — ^Marine Hospital, Hampton Blvd., Larehmont May 10 

San Francisco, California — ^Marine Hospital, 14th Ave. & Park Blvd April 10, 11 

Seattle, Washington — Marine Hospital, Judkins St. & 14th Ave. South April 12, 13 

Washington, D. C. — ^USPHS Dispensarj^ Fourth and D Streets SW. April 4 

May 13 


Application, forms may be obtained by writing to the Surgeon General, U. S. 
Public Health Service, Washington 25, D. C. 


NOTICE 

American Public Health Association 

Institutions accredited by the American Public Health Association to give the 
Degree of Master of Public Health (Diploma of Public Health in Canada) 
for the academic year 1946-47 

This list is released by the Executive Board of the American Public Health 
Association as of January 25, 1946, on recommendation of the Committee on 
Professional Education, and considers those institutions from which requests 
for accreditation had been received to that date. Additional applications will 
be acted upon in due course. 

Columbia University School of Public Health 
Harvard University School of Public Health 
The Johns Hopkins School of Hj^giene and Public Health 
University of California School of Public Health 
University of Michigan School of Public Health 
University of Minnesota School of Public Health 
University of North Carolina School of Public Health 
University of Toronto School of Hj’-^ene 

Yale University School of Medicine, Department of Public Health 



IMMUNIZATION WITH THE VOLE BACILLUS^ 

The Protective Value of the Vole Bacillus (Wells) as Compared with BCG 
against Tuberculous Infection 

KONRAD BIRKHAUG 

“Among the basic medical researches interrupted by the present European 
war,” stated an editorial in the J. A. M. A. of February 8, 1941 (1), “none are of 
greater clinical interest than the Oxford University studies (2) of the vole acid- 
fast bacillus as a prophylactic vaccine against human or bovine tuberculosis. 
Although the experimental evidence thus far collected by Wells and Brooke is 
regarded by them as statistically inconclusive, their evidence is nevertheless 
sufficiently striking to warrant the hope that the vole vaccine may in time prove 
to be of clinical value.” 

In 1937 Wells (3) observed, at the Bureau of Animal Population in the Uni- 
versity of Oxford, an epizootic disease among wild voles (Microtus agrestis) 
brought to the laboratory from seven- different stations in the British Isles. The 
disease closely resembled tuberculosis. The caseous lesions in wild voles con- 
tained masses of acid-fast bacilli which on further study proved to represent a 
new t3T)e of tubercle bacillus. 

The late A. Stanley Griffith (4) cultured the vole acid-fast bacillus and found 
that it grows dysgonically on the usual nonglycerinized egg media as pearly- 
white conical or granular colonies. These become visible to the naked eye after 
one month. The vole bacillus grows well on potato, but not at all on 5 per cent 
glycerine-agar or egg media. Slight filmy colonies appear on tryptinized broth, 
but not on the surface of plain broth. In the depth of broth a fine deposit forms. 
No growth occurs at 22'’C. The vole bacillus stains positive with Gram and 
Ziehl-Neelsen methods. The bacilli are slender and much longer than ordinary 
human tubercle bacilli. The most striking forms resemble a shepherd’s crook, 
a sickle, a spiral or the letter S. No branched forms are seen. Some bacilli 
show fine granulation and vacuolation along their entire length. Relatively 
large doses (l.O-O.l mg.) of vole bacUli injected intravenously in rabbits cause 
death from acute miliarj’- tuberculosis. Smaller intravenous or subcutaneous 
doses produce trmal lesions and the bacilli die out. The vole bacilli may live 
as long as eighty-four days in lung abscesses. Relatively large doses (l.O-O.l 
mg.) of vole bacilli injected intraperitoneally in guinea pigs cause death from a 
generalized disease resembling acute or atypical chronic tuberculosis. Under the 
microscope the lesions have the pattern of tuberculosis. The lesions are retro- 
gressive and those produced by small intraperitoneal or large subcutaneous (5 
mg.) doses heal completely and yield no positive cultures. White rats injected 
intraperitoneally with 1.0 to 6.0 mg. vole bacilli may present limg lesions re- 
sembling those produced in the same species by manunalian tubercle bacilli. 
Vole bacilli may keep alive in the spleen of the rat as long as 493 days without 

> From the Department of Medical Research, Chr. Michelscn Institute, Bergen, Norway. 
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killing the animiil. Tiic golden Immslor {Cricctm auratus), injected subcu- 
taneously wth the, vole bacillus, ])rc.scnlcd numerous noncascous lesions in the 
liver, spleen and lymph nodes. These lesions have the histological pattern of 
tuberculosis. The fowl showed no ill cfTcct from large doses of vole bacilli and 
live cultiires of the bacillus could be obtained from the fowl spleen as late as 141 
days after inoculation. It is quite apparent from Griffith’s studies that the 
vinilencc of the vole bacillus is considerably higher th.an that of the BCG vaccine. 

In their immunity experiments on calves injected with the vole bacillus, 
Griffith and Dalling (5) made prcliminarj' inoculations into guinea pigs. Thus, 
10 animals were injected subcutaneously with 10 mg. vole bacilli divided in nine 
doses (eight of 1 mg. and the last of 2 mg.). The intervals between consecutive 
doses were one week. Four weeks after the last dose, the immunized animals, 
together with 5 controls, were each injected subcutaneously with 0,001 mg. 
virulent bovine tubercle bacilli. The controls died of UTiical and severe gen- 
eralized tuberculosis in from sixty-seven to 1 1 1 days, or an average of eighty- 
seven days. One of the vaccinated animals was killctl after sixty-eight days 
to compare with the control animal which first died. This animal had severe 
local tuberculosis, but only slight generalized disease. The rest of the im- 
munized animals died after 109 to 225 days, or an average of 152 daj's. Tlie 
tuberculosis was sc\'orc in all those guinea pigs and was typical of infection 
with vimlent bovine bacilli. The cfTcct of vaccination was simply to delay the 
development of tuberculosis. This experiment was repeated with 8 guinea pigs 
which had received subcutaneously during eight weeks two doses each of 1 mg. 
and five doses each of 2 rag. vole bacilli or 12 mg. in all. One day after the last 
injection, the vaccinated and 4 control animals were each injected with 0.01 mg. 
bovine tubercle bacUli. Again, all the vaccinated animals were found to be more 
resistant to tuberculosis than the controls. Griffith and Dalling made the fol- 
lowing significant statement based on these experiments: “They all, how'ever, 
had living bovine tubercle bacilli in their tissues and there is little doubt that 
these bacilli w’ould have caused progressive fatal disease wiicn the immunizing 
effect of the vole bacilli had faded.’’ 

This led to similar vaccination of 9 calves injected mtravenously or sub- 
cutaneously with smaller (0.1 mg.) or larger (85 mg.) doses of vole bacilli on two 
occasions and superinfected with 7.5 mg. bovine tubercle bacilli per os. Five 
calves presented trivial lesions in the lymph nodes of the alimentaiy tract. Four 
calves presented no macroscopic tuberculous lesions in any lymph nodes or oi'gan. 
But living tubercle bacilli, pathogenic for guinea pigs, were nevertheless isolated 
from organs of these calves wiiich presented no tuberculous lesions. Tw'o con- 
trol calves showed wide-spread glandular lesions, especially along the alimentar}^ 
tract. 

\\finle this w'ork w’as in progress, Wells and Brooke (2) made their preliminary 
tests of the immunizing power of caseous material taken from naturally infected 
wild voles. This they mjected subcutaneously into 3 guinea pigs. Each animal 
developed a local caseous lesion. Nine months afterw'ards when the local lesion 
was completely healed, these animals w’ere injected, together with 3 controls, 
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with 0.000,001 mg. bovine tubercle bacilli of low virulence. These animals wera 
kUled six months later. The immunized animals showed only small local lesions, 
while one g-nimnl had, in addition, 2 small pulmonary tubercles. The controls 
presented generalized tuberculosis, involving the lungs, liver, spleen and the 
lymph nodes. The test was repeated with 15 guinea pigs, 5 of which were im- 
munized with 1 mg. vole bacillus injected into the left groin, another 5 similarly 
with 0.1 mg. Three months later these lO immimized animals, together vith the 
5 controls, were injected in the right groin with 0.000,01 mg. human tubercle 
bacilli. The 5 controls died within three months with generahzed tuberculosis. 
At this time the 5 animals, immimized with the largest vole bacillus dose, were 
killed and showed only a small local abscess. Among the remaining 5 immunized 
animals, one died two months after the virulent infection from generalized tuber- 
culosis. The rest were killed one month later. Two of these showed only a local 
abscess and the rest caseous iliac and portal nodes, as well. 

Now followed the larger experiment in w'hich the immunizing effect of vole 
bacilli was compared with that of the BCG vaccine. A group of 62 guinea pigs 
was given four weekly subcutaneous injections of 0.5 mg. vole bacilli or a total of 
2 mg. Each of another group of 30 anhnals was given- four weekly doses of 7.5 
mg. BCG, or a total of 30 mg., which the authors held to be “optimum immuniz- 
ing dose for guinea pigs.” Unfortunately, they lost 19 animals in the vole bacillus 
group and 8 in the BCG group from a Pasteurella septica infection. Five months 
after the last immuni zing dose, half the surviving animals in each group were in- 
jected subcutaneously in the left axilla vith 0.000,001 mg. bovine tubercle bacilli 
and the second half with 0.000,001 mg. human tubercle bacilli by the same route. 
Sixteen control animals were simultaneously injected, half with bovine and the 
other half with hiunan tubercle bacilli. Wells and Brooke had originally in- 
tended “to keep these, animals for eighteen months, or as long as they survived, 
in order to determine the survival time in each group.” Because of the war 
stringencies, this plan was curtailed. The animals were therefore killed only 
eleven weeks after the virulent infection, except for one animal which died sixteen 
weeks after infection and 2 which were killed four weeks later. At autopsy aU 
the unvaccinated controls showed extensive tuberculosis. Most of the animals 
immunized with vole bacillus showed no lesions at aU or only a small regressive (?) 
local abscess. The BCG immunized animals all showed generalized tuberculosis, 
though less advanced than the controls. Tuberculin tests were made with 1:20 ' 
up to 1 : 10,000 dilution of purified protein derivative three, four, eight and eleven 
weeks after the virulent infection, in order to determine the highest dilution of 
tuberculin to which the animals reacted at various times. Eight weeks after 
infection aU the controls and BCG immunized animals reacted with the 1 : 100 
dilution, but only 8 out of 15 animals immunized with the vole bacillus reacted 
with this dilution. At eleven weeks, 15 out of 16 controls and 3 out of 8 BCG 
animals reacted with the 1:1,000 tuberculin dilution while none of the vole 
bacillus animals reacted vith this high dilution. Thus, it was apparent that 
tuberculin sensitivity took longer time to develop in the vole immunized group 
than in the BCG group. 
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Another mlra vitam indication of the greater protection afforded hy the vole 
bacillus against tuberculous infection than BCG vaccination vas the slower rate 
of hypertroph}' of the left axillary nodes in the vole bacillus group than in the 
BCG animals. Thus, six weeks after the ^^rulent infection all controls showed 
greatly enlarged nodes and 7 out of 8 BCG animals, and 7 out of 15 vole bacillus 
animals pr^ented tiny palpable nodes. Ten weeks after infection, all controls 
and BCG animals and onlj'' 10 out of 15 vole bacillus animals presented greatly 
enlarged left axillary Ijmiph nodes. 

In summarizing these experimental data, which admittedl 5 ^ are statistical!}’- 
inconclusive, Wells and Brooke nevertheless made the following emphatic con- 
clusion: “Vaccination of guinea pigs -with the vole acid-fast bacUlus prior to 
infection v’ith \drulent mammalian tubercle bacilli gives a degree of protection 
which apparently is far greater than has been recorded by other means.” 

The only other study on the immunizing value of the vole bacillus against 
tuberculous infection which has come to our notice is that made by Wahlgren, 
Olin and Widstrom (6) last 3 '-ear at the State Bacteiiological Laborator}”- at 
Stockholm. They received a culture of the vole acid-fast bacillus from Wells in 
1942 and immediately set about to confirm the work of Wells and Brooke. It 
should be mentioned at once that their experimental procedure de\’iated con- 
siderably from that of the English investigators. Neither did they heed the 
implied wish to determine the surv’ival time in each group of animals — a pro- 
cedure which the contingencies of war interfered with for our English colleagues 
and which apparently did not arise in neutral Sweden. 

Wahlgi'en and coworkers injected 15 guinea pigs subcutaneously -with 1 mg. 
vole bacilli and the same number of animals TOth 10 mg. BCG. (It is recalled 
that Wells and Brooke employed 2 mg. and 30 mg. respectively, of these organ- 
isms.) The number of animals was reduced by intercurrent infection to 10 and 
14, respectively. Tuberculin tests were done one and three months after im- 
munization. All the animals reacted to the 1:100 dilution of tuberculin one 
month after inoculation and some animals to the 1 : 1,000 dilution three months 
after vaccination. The degree of tuberculin sensitization was apparently iden- 
tical in both groups of animals. Three months after vaccination aU the im- 
mimized and 12 imvaccinated guinea pigs were each injected subcutaneously 
with 0.05 mg. human tubercle bacilli. (Again it should be recalled that Wells 
and Brooke employed only 0.000,001 mg. bo^’ine or human tubercle bacilli in 
their test dose.) The control animals began to die sixty-seven days later and 119 
days after the virulent infection 9 controls had succumbed with generalized 
tuberculosis before any of the immunized groups had died. Four animals in the 
BCG immunized group died between 122 and 150 days after the ■simlent infec- 
tion, while none of the vole bacillus group had died up to this time. The sur^dv- 
ing animals were killed 153 days after the %’irulent infection. Autopsies revealed 
striking differences in the extent of tuberculous disease in the controls and the 
immunized groups. While the controls showed extensive generalized tuber- 
culosis of the acute type, both the vole bacillus and BCG groups presented a 
ver}’ limited proliferative t}’pe of chronic tuberculosis. But by and large the 
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Swedish workei-s galliorcd the iniiiression that tlie vole bacillus was just as effect- 
ive as the BtTi. if not slightly better, as an inununizing agent against a virulent 
tuberculous infection, although they hail used ten times less vole bacillus than 
BCG. But their results were much le.-j.s deci.sive than tho«e reported by \Yells 
and Brooke. 'Hus they surmise is due to their failure to follow the technique of 
the English workers who made use of four weekly subcutaneous injections n'ith 
twice as many vole bacilli and thrice as many BCG and who also killed their 
animals seventy-.«even days after the vindent infection, 'bhey argue, however, 
that a jirolonged pcrioil of observation most likely would make progre.ssivc tuber- 
culous changes more apparent in the immunized animals. 

On the basis of the aforementioned editorial in the .1. -V. M. A. (1) which clan- 
destinely came to our notice in Xovember, 10 12, we decided to repeat the original 
study by Wells and Brooke (2) and to fullill their wish to determine the longevity 
of each grmqi of vole bacillus ami BC'G immunized animals snperinfected with a 
vindent tidierculous infection. ''J’he German military oflicials in Norway re- 
fusetl to transmit to Oxford Cnivei-sity our request for a culture of the vote acid- 
fa.'^t bacillus. Wo managed, however, to smuggle a message across to Stockholm 
in December, 1912 and this was later transmitted to the Sir William Dunn School 
of Pathology’ at the O.xford I’niversity. On June 17, 19-13 we received two Dorset 
cultures of the vole haciUus, by the kindne.ss of Doctor Wells. Two years later 
we were able to terminate our first series of experiments on the protective value 
of the vole bacillus e.s conqiared with BCG against tuberculous infection. 

nAcrmtiOLOGicAL onsimv.vnoNs 

Cidlurol cliarackrisiics: Attempts to obtain growth of the vole strain in glycer- 
inated solid or liquid media were mainly negative. We failed likewise to obtain 
any visible growth on ordinaiy potato or agar enriched with carbohydrates, 
ascitic fluid, scrum, blood, etc. Don^et’s egg medium gave the best growth and 
serves the purpo-^e of propagating the vole strain. On this medium the growth is 
decidedly dysgonic and becomes visible to the naked eye in form of tiny, creamy 
white hcmi.spherical colonics in the course of three to four weeks at 37.5°C. No 
growHi takes place at room temperature. The colonies continue to grow into 
conical and granular shajics, .simulating a cauliflower shape (figure lA). On only 
one occasion did we obtain good growth of the vole strain on ox-bile potato. In 
the course of one year at 37.5‘'C. we obseiwed the initial translucent film grow into 
the picture seen in figure fC. But subcultures on ox-bile potato grew exceed- 
ingly slowly. The growth on Dorset’s egg medium is essentially of smooth 
appearance and is readily suspended evenly in saline. 

The vole bacillus is gram-positive and stains with the Ziehl-Neelsen method. 
The bacilli arc slender, highly iri-cgular in shape, varying between straight rods, 
spirals, sickles and commas. The rods and spirals arc much longer than ordinary 
Iniman tubercle bacilli. They are finely granular and show marked vacuolation. 
The characteristic “shepherd’s crook,” described by Griffith (4), is readily seen 
in direct smears of caseous material, but not often in the culture. No branched 
forms have been seen. (Figures lA, B and C.) 
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Virulence tests: Six ^vlutc mice were injected intraperitoncally witli 0.5 mg. 
vole bacilli fi'ora a six-weeks’ growth on Dorset’s medium. The mice died 
respectively 41, 51 , G7, 30G, 311 and 314 daj’s later. None of them prc.sented any 
generalized tuberculous disease. But all showed transparent nodules in the 
omentum and occasionally in the liver and lungs. Numerous acid-fast rods 
could be demonstrated in these nodules which histologically were made up of 
epithelioid cells. Cultures were obtained on Doi-set’s medium in the first 3 
animals, but were sterile in the last 3 animals. 

Two guinea pigs were injected intracranially with 1.0 mg. vole bacilli. They 
succumbed thirteen and seventeen days later from a subacute meningitis re- 
sembling tuberculosis. Tiny gray nodules were seen in the meninges, brain, 
lungs, liver and spleen. .-Umost all the lymph nodes showed slight hyperplasia. 
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Fig. 1. {A) Colonies of vole bacillus on Dorset’s medium after eight weeks’ incubation. 
(B) Vole bacilli from Dorset’s medium. Ziehl-Ncelsen stain. (C) Spreading colonies of 
vole bacillus after one year's growth on on -bile potato. 

Enormous numbers of acid-fast rods were found in these nodules and cultures 
produced growth. 

Two guinea pigs were injected intravenously with 1 mg. vole bacilli. The.v 
died seventeen and thirty-four days later and showed acute miliaiy tuberculous 
lesions in the Imigs, fiver, spleen and kidneys. They both showed marked glan- 
dular hyperplasia. Again, we observed a characteristic abundance of acid-fast 
rods m the lesions and rich growths on Dorset’s medium. 

Two gumea pigs each were injected intraperitoneally with 1.0 mg. vole bacilli. 
They died sixteen and thirty-five daj^s later from generalized disease resembling 
acute disseminated tuberculosis. The omentum Avas rolled up into a sausage- 
like caseous mass. Purulent deposits were noted on the mesenteries and in the 
lumbo-sacral regions. The spleen was enlarged and deeply red, showing milky 
spots rich in acid-fast bacilli. The Ijunph nodes Avere generally enlarged, es- 
pecially in the abdominal caAuty. An abundance of acid-fast rods Avere found in 
all the Auscera and cultures jdelded groAA'ths. Repeating the intraperitoneal 
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injectioa vith 0.1 and 0.01 mg. on 4 guinea pigs, the animals survived much longer 
'and died fifty-six and seventy-eight days after the 0.1 mg. dose and seventy-two 
and ninet 3 ’’-five days after the 0.01 mg. dose. The omentum' reacted as it did 
with the larger dose and presented caseous as well as transparent nodules. But 
the generalized disease was much milder. The number of acid-fast rods was 
proportionally fewer in the animals which died ninety-five daj’'s after inoc^ation, 
indicating regression of the disease. 

SLx guinea pigs each were injected subcutaneousty with 5.0 mg. vole bacilli in 
the left leg. The adjacent inguinal lymph nodes became greatly hypertrophied 
in the course of the next two weeks. The local abscess ulcerated in every animal 
and the lesions healed completely. The inguinal nodes remained hypertrophied 
during several months and gradually became smaller. These 6 animals survived 
over sbc months when they were killed. Except for slightly hypertrophied left 
inguinal and ihac nodes, we found nothing abnormal. Occasional acid-fast rods 
were found after much search in some of the nodes, but the cultures jdelded no 
colonies. 

These findings are confirmatoiy of the results obtained bj’’ Griffith (4) that the 
vole bacillus injected intraperitoneally, intravenously and intracraniallj’’ in 
relatively larger doses may cause death from generalized disease resembling tuber- 
culosis both macroscopically and microscopically. Injected iutraperitoneally 
and subcutaneously in smaller doses, the vole bacillus causes only local lesions 
which regress and heal completely. Our preliminary studies demonstrated 
likewdse that the intracutaneous and percutaneous inoculations ivith the vole 
bacillus produce a strong tuberculin allergy and skin lesions which shortly sup- 
purate and subsequently heal complete^. 

INTRACUTANEOUS IMJIUNIZATION OF GUINEA PIGS WITH THE VOLE BACILLUS 

AND BCG 

Aiiimals used: Foity-eight normal albino guinea pigs, which failed to react 
with 10 mg. Old Tuberculiu iatracutaneousty, were di\ided into four equal 
groups, each containing' 6 male and 6 female animals. Groups I and II were 
immunized with the vole strain of acid-fast bacilli, group III with BCG and 
group W was not immunized, but w'as retained as controls for the subsequent 
virulent tuberculous infection. 

Preparatorj’^ to immunization, complete differential leucocjde counts were done 
on all animals on three occasions with weeklj’’ intervals. These counts wure 
continued with monthl)' inteiv^als until all the animals in groups II, III and IV 
had died spontaneous^ in the course of twenty months after infection. These 
hematological data A^ill be published separate^. 

Our animals were carefully selected from a strain wiiich had proved xmusually 
resistant to intercurrent infection — ^the bane of every tuberculosis immunity 
studj' of long duration. The average body weight for each group of animals was 
nearty identical wffien the e.xperiment began, namety, 34S g. in group I, 354 g. in 
group II, 317 g. in group III and 310 g. in group W. 

The housing and feeding conditions were identical for all the animal groups 
during the entire experiment. 
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Immunization: The 24 guinea pigs in groups I and II were each injected intra- 
cutaneously along the side of the bodj’’ nith 0.5 mg. vole bacilli on four occasions 
wnth weekly intervals, receiving a total of 2.0 rag. vole bacilli, exactly weighed - 
out from a six-weeks’ growth on Dorset’s medium. The 12 aniraals in group III 
were similarlj'' injected ndth a total of 30.0 mg. BCG, exactly weighed out from a 
three weeks old Sauton culture. It should be noted that these doses arc identical 
wnth those employed by Wells and Brooke (2). 

Post-immunization tuhcrculin reactions: The post-immunization skin reactions 
were equally intense in the vole bacillus and the BCG groups. It was quite 
apparent that after each succeeding inoculation with vole bacilli and BCG, in- 
duration, suppuration and sloughing of the overlying skin became accelerated, 
due to increasing dcgi'ees of allerg5^ 

One month after the last immunizing dose or two months after the beginning 
of immrmization, we made intracutaneous injections with 1.0 mg. (1:100), 0.1 
mg. (1:1,000) and 0.01 mg. (1:10,000) dilutions of purified protein derivative 
tuberculin, contained in 0.1 ml. saline. Readings of the reactions were made 
both at twenty-four and forty-eight hours. The induration was measured with 
a pair of calipers. The approximate volume of induration was estimated by 
multiplying half the thickness of the folded skin by the two diagonal diameters 
of the palpable indurated area. The central necrosis was expressed in mm- by 
multiplying the breadth and uidth of necrotized skin. Table 1 presents these 
data. 

Thus it is apparent that the four weekl}'- intracutaneous injections with a total 
of 30 mg. BCG are capable of rendering guinea pigs more tuberculin sensith^e 
than similar injections Arith a total of 2.0 mg. vole bacilli. 

Virulent iuherculosis inoculation: Two months after the immunization nith the 
vole bacillus and BCG, w'e retained group I (12 animals) as controls on possible 
pathological changes caused b}>- the rrale bacillus alone. This group is hence- 
forth designated as group I — vole bacillus normal controls. At the same time each 
of the 12 animals in group II — vole bacillus immunized, and the 12 animals in 
group III — BCQ immunized, together rrith the 12 non-immunized animals in 
group W — control tuberculous infection, were inoculated subcutaneously in the 
left leg ufith 0.000,001 mg. rdrulent human tubercle bacilli. Seeded out on 
Lowenstein’s egg medium, this dose gave rise to 48 colonies of acid-fast bacilli. 
We may infer, therefore, that each animal was infected with appro.ximately 50 
viable tubercle bacilli. In previous rirulence tests with this dose of boAune 
bacillus, gAiinea pigs died approrimatelj’’ 200 days later with generalized tuber- 
culosis. 

Six w^eeks after the virulent tuberculous inoculation, all the animals were re- 
tested intracutaneously with 10 mg. puiified protein deriAmtive tuberculin. 
Readings forty-eight hours later gaAm the following average measures of indrua- 
tion and central necrosis respectively: group I — 1,945 mm® mid 36.7 mm®; group 
II--2,327 mm® and 94.5 mm®; group 111—2,541 mm® and 91.4 mm®; group W— 
3,170 mm® and 171.5 mm®. These data demonstrate that the progress of tuber- 
culin sensitization is considerably slow'ed down in guinea pigs immunized with 
the vole bacillus or BCG. 
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Another proof of this statement are the data on the -weekly palpation of the 
left inguinal lymph nodes at the site of the ■virulent tuberculous inoculation.' 
Six -n'eeks after the 'virulent inoculation, these lymph nodes -vs'ere already mark- 
edly hypertrophied and of hard consistency in 10 out of 12 animals in group IV, 
■vs'hile nothing unusual -n'as noted in the immunized groups. After three months, 
these nodes -svere greatly enlarged and of soft consistency in all animals of group 
rV, -n'hile they -were only slightly palpable and still of hard consistency in 5 out of 
12 animals of group II and in 4 out of 12 animals in group III. After six months, 
suppuration -was noted in most of the group IV animals, ■while the left inguinal 
nodes -were markedly enlarged but still of hard consistencj’- in 8 out of 12 group 
II animals and in 7 out of 12 group III animals. After t-v\'elve months the nodes 
■were hugely hypertrophied in 8 out of 10 surviving group II animals and in 7 out 
of 10 sur^vdving group III animals. But suppuration was not encountered in any 
of these animals. Nineteen months after the -vurulent inoculation the left inguinal 
nodes were greatly enlarged, of semi-hard consistency but not suppurating in one 

TABLE 1 


Tuberculin shin sensitivitij one month after immunization with the vole bacillus and BCG 


ANntAt CKOUP 

READING 

noTOS 

DtLTOONS or PPD TUBERan-lN 

1 mg. 

1:100 

0.1 mg. 1:1,000 

0.01 mg. 

1:10,000 

Induration 

mm* 

Central 

necrosis 

mm* 

Induration 
mm* 1 

Central 

necrosis 

mm* 

Induration 

mm* 

Central 

necrosis 

mm* 

I — Vole bacillus 

24 

1,309 

21.2 

395 

0 

102 

0 

I — Vole bacillus 

48 

1,483 

4G.3 

323 

0 

42 

0 

II — Vole bacillus 

24 

1,267 

! 19.5 

329 

0 

98 

0 

11 — Vole bacillus 

48 

1,420 

51.6 

253 

0 

40 

0 

III— BCG 

24 

1,747 

28.0 

519 

0 1 

100 

0 

III— BCG 

48 

1,778 

74.5 

372 

0 

47 

0 


animal surviving in group II and in the 3 sur\u\dng group III animals. From 
these data we may infer that the rate of Ijunph node involvement was slightly 
more rapid in the animals immunized ■n’ith the vole bacillus than in the animals 
immunized with BCG. No abnormal changes in the size of the inguinal nodes 
were observed during tliis time in the animals in group I. 

Snrmval time: Chart 1 shows the sunival time of the animals in groups II, 
III and IV. We note that the animals in group IV (control tuberculous in- 
fection) began to die 159 days after the ■vii'ulent inoculation and that the last 
animal in tliis group died 219 days after inoculation. The average survival 
time in this group is 192 days with a standard de^\iation of 20.G daj-s. In group 
II (vole bacillus immunized) the first animal died 303 days after the virulent 
inoculation and the last animal succumbed 613 da 3 ’-s after the tuberculous inocu- 
lation. The average survival time in this group is 403 dav’S with a standard 
deviation of 64.7 daj's. In group III (BCG immunized) the first animal died 
288 daj'S and the last animal 632 daj-s after the virulent tuberculous inoculation. 
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The average survival time in this group is 429 da5'S u-ith a standard deviation of 
86.3 days. 

By statistical analysis according to Fisher’s (7) method for comparison of two 
comparable means, we find that the difference in sur\dval time between group 
rV and group II is of undisputed significance (< = 7.989 and P <0.001) and 
likewise the difference between group IV and group III (t = 6.671 andP <0.001). 
But by comparing the survival time difference between groups II and III we 
find that they both belong to the same population and hence do not differ signifi- 
cantly from each other. 

The data on sundval time decide the issue at stake in these e,vperiments, 
namely to ascertain the verity in the emphatic statement made by Wells and 


VOLE. 


BCG. 


CONTROL. 


g days ipo 200 300 ' 400 ^0 600 

Chart 1. Survival time of vole bacillus immunized group II, BCG immunized group III 
and control tuberculous infection group TV animals (12 animals in each group). 

Brooke (2) that, “Vaccination of guinea pigs vith the vole acid-fast bacillus 
prior to infection with virulent mammalian tubercle bacilli gives a degree of 
protection which apparently is far greater than has been recorded by other 
means.” This statement was not based on the survival time of the animals 
immunized by the vole bacillus or BCG, but on the pathological material from 
animals kill ed eleven weeks after the virulent inoculation. By carrsdng out the 
expressed wish of our English colleagues “to leave all the animals for 18 months, 
or as long as they sumved, to determine the surAuval time in each group,” we 
find that the effect of vaccination of guinea pigs with the vole acid-fast bacillus 
and BCG on a subsequent tuberculous infection is equally potent and of a veiy 
high protective order. 

Quantitative assessment of tuberculous hyperplasia: With few exceptions, tu- 
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berculosis was severe in all the iminunized and non-immunized guinea pigs and 
was typical of infection with virulent bovine tubercle bacilli. The effect of 
immunization with either the vole bacillus or BCG was simplj’’ to delay the prog- . 
ress of tuberculosis. By making use of the macroscopic scoring of tuberculous 
involvement designed by Petroff and Steenken (8) we found that the vole hadllus 
immunized group presented 2 animals with 5 animals with -k-p-l- and 

-| — I — 1-+ tuberculous involvement, respectively. The BCG immunized group 
had 2 animals with -f and +-1-, respectively, 3 with -f and 7 with ++ d-d- 
tuberculous involvement. In the control tuberculous infection group each of the 
aTn'mals presented d — I — I — h generalized tuberculosis. From these scorings it 
becomes apparent that, when the immunized animals are allowed to die spon- 
taneously following the virulent tuberculous infection, thej' present nearly the 
same macroscopic picture as the non-immunized tuberculous controls. In 
subsequent experimental work on the protective value of the vole bacillus on a 
virulent tuberculous infection, we terminated the experiment when all the non- 
immunized tuberculous controls had succumbed with generalized tuberculosis 
and only one of the vole bacillus immunized guinea pigs had died spontaneously. 
This work will be pubhshed shortly. 

In order to ascertain whether or not quantitative differences obtain in the 
tuberculous hyperplasia in the viscera of the vole bacillus and BCG immxmized 
animals and the non-immunized tuberculous controls, we will present the exact 
weights and volumes of the spleen, liver, limgs, indi\ddual and total lymph nodes 
and some of these data converted into the more exact percentage of the animal’s 
body weight. Our quantitative procedure is the same as described in our pre- 
vious publications (9). 

Volume of lymph nodes: Table 2 presents the volumetric data on 15 different 
lymph nodes as well as the weight of these pooled (total) nodes. At the right 
of the volume we have placed the statistical analysis of these data in terms of 
the quotient of probable error (t) and the degree of significance (P). Thus 
we compare the differences between the glandular volumes in groups II and W, 
III and 17 and finallj^ II and III. The remarkable feature in these comparisons 
is that the same sets of nodes attaining significant differences from those in the 
group of control tuberculous infection (IV) figure in both the imm un i zed groups, 
namely the foUovdng nodes: right knee, right superior inguinal, right deep in- 
guinal, left and right cervical nodes. We would have expected to find that the 
Ijunph nodes in the left lower extremity, where the virulent inoculation was made, 
would present significant de\iations in both immunized groups from those in 
the control group. But in spite of the fact that the average volume of the nodes 
from the immimized animals is smaller than that of the corresponding nodes in 
the control animals, thej* do not attain significant de\'iations because of extreme 
variations vitliin the group. But the pooled (total) nodes mirror more clearly 
the true volumetric differences between the Ijunph nodes from the non-immunized 
tuberculous control animals and those from either the vole bacillus immunized 
or BCG immunized animals. In both instances the differences have absolute 
statistical significance in favor of immunization. But the degree of protection 

r 
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is equally dmded between the vole bacillus and the BCG imnnuiized groups, an 
efficiency of 37.5 per cent in both groups. 

By comparing the differences in Ijunph node volumes in the vole bacUlus (11) 
and the BCG (III) groups in the columns at the extreme right in the table, we 
find that they belong to the same population vdth but one exception, namely 

TABLE 2 

Tuberculous hyperplasia in lymph nodes from vole bacillus immunized {II), BCG immunized 
(III) and control tuberculous infection (IV) animals 


Statistical analyses of volume (in ml.) of nodes from 12 animals in each group 


LYUrn NODES 

VOLE DAOtttJS noniNE 
(U) 

DCG mxTOKE (III) 

CON- 

TSOL 

Vol- 
ume 
in ml. 

rJtOBABlLtTY 

Vol- 
^umc 
in mL 

Probability 

II vs rv 

Vol- 
ume 
in ml. 

Probability 

III vs JV 

n vs in 

t 

mm 

t 

P 

t 

p 

Knee left 

0.04 


0.03 

m 

1.225 

0.25 

0.16 

1.289 

0.02 

Knee right 


3.418 

<0.01 


5.292 

<0.01 

■ind 

1.580 

0.15 

Sup. inguinal left 



0.06 

Ell 

1.717 

0.10 

1.55 


0.50 

Sup. inguinal right 


4.337 

<0.01 

1m 


<0.0/ 

IgjiH 


0.85 

Deep inguinal left 

W 1 

0.544 

0.60 

0.10 

1.367 

0.20 

0.34 


0.40 

Deep inguinal right 



<0.01 

0^ 

2.922 

<0.01 



0.65 

Femoral left 

Kl 

1.735 

0.10 

0.2s 

n 

0.07 



0.90 

Femoral right 

R ! 

1.339 

0.20 

0.31 

1.445 

0.15 



0.90 

Axilla left 

Uv ! 

1.441 

0.20 

0.21 

1.052 

0.30 


0.314 

0.75 

Axilla right 

u| i 

1.776 

0.10 

0.20 


0.40 


1.289 

0.25 

Trach. bronch. left 

1.21 

0.217 

0.80 

1.15 


0.90 

1.16 

0.223 

0.85 

Trach. bronch, right 


0.116 

0.90 

1.07 


0.65 



0.65 

Cervical left 


4.496 

<0.01 


2.813 

<0.01 

0.52 


0.05 

Cervical right 


4.290 

<0.01 


2.832 

<0.01 

0.59 

QRg 

<0.01 

Periportal 

1.97 


0.75 


1.764 

0.10 

1.55 


0.30 

Total lymph nodes in 
grams 

8.50 

3.121 

<0.01 

7.71 

3.974 

<0.01 

15.0 

0.477 

0.65 

Efficiencies in per cent 

37.5 



37.5 



6.2 


N.B. In Fisher’s 1938 tables for distribution of t (quotient expressing the deviation as 
a multiple of its probable error), we observe that a P g 0.01 (probability that the observed 
mean de%’iation bearing this or smaller values cannot have occurred by chance alone) 
requires that t § 2.819 when each group contains 12 animals or samples. Every difference 
having absolute significance is italicized in tables 2 and 3. 


the right cemcal node which is significantly smaller in the vole bacillus immu- 
nized group. 

In short, we maj’- state that, on the basis of volumetric data on bonph nodes, 
vaccination with either the vole bacillus or BCG produces a significant deterring 
action on the spread of tuberculous disease throughout the 15 'mphatic system. 
But the protective action of the vole bacillus against a virulent tuberculous in- 
fection is apparently of the same degree as that which is produced bj’' BCG. 
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Chart 2 clearly depicts the differences in lymph node volumes in the four groups 
of animals reported on in this paper. 

Volumes and ivcights of spleen, liver and hmgs: Table 3 presents the data on 
tuberculous hyperplasia in the spleen, liver and lungs. In guinea pig tuberculosis 
one attaches the greatest importance to the changes in the spleen, which in this 



Chart 2. Average volume of lymph nodes from (I) normal vole bacillus immunized, (II) 
vole bacillus immunized and tuberculous infection, (III) BCG immunized and tuberculous 
infection and (IV) control tuberculous infection animals. 

Volume of Ijinph nodes: 1. Vole normal group. 2. BCG + tbc group. 3. Vole + tbc 
group. 4. Control tbc. 

species is the most vulnerable organ in tuberculous disease. On the basis of 
the actual weights of the spleen, we observe that the average weight was 7.2 
g. in group IV, while it was 2.7 g. in group II and 3.5 g. in group III. Both these 
latter weights differed significantly from the weight of the spleens in the control 
group. We failed to observe any other significant deviations between the three 
groups in regard to weight or volume of the liver and lungs. Individual varia- 
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tions were extreme in all groups and account for the apparent similarities of 
.liver and lung weights and volumes within the immunized and non-immunized 
animal groups, A truer picture of tuberculous hyperplasia in the spleen, liver 
and lungs is obtained by expressing the weights of these organs in percentage 
of the animal’s body weight which may vary considerably from animnl to animal. 
By glancing at the lower part of table 3, we observe that on this basis we obtain 
significant deviations in the data on the spleen, liver and lungs in both the vole 
bacillus and BCG immimized groups from that in the non-immunized control 
animals. But, even as with the volmnetric data on the lymph nodes, we again 
find it impossible to discern any advantage of the vole baciilus over BCG as a 
protection against a virulent tuberculous infection. They are both capable of 

TABLE 3 


Tuberculous hyperplasia in spleen, liver and lungs 
Statistical analyses of weights, volumes and weights expressed in percentage of body weight 

— 12 animals in each group 


OSCAKS 

VOI£ BAOLL’DS XmiUHC 

(ID 

BCG mxrttNE (IH) 

HgH 

PRQBABrtlTY 

Average 

Probabaity 

11 VE IV 

Average 

Probability 

III vs IV 

Average 

n vs 

m 

t 

P 

t 

P 


p 

Spleen g 

2.7 


<0.01 

3.5 

4.028 

<0.01 

7.2 


0.40 

Liver g 

37.0 


0.08 

38.0 

1.396 

0.20 

42.6 


0.75 

Liver ml 

36.2 

1.392 

0.20 

37.4 

1.475 

0.20 

41.4 


0.80 

Lungs g 

14.6 

2.506 

0.03 

16.0 

1.499 

0.20 

19.0 


0.50 

Lungs ml 

17.5 

1.8S6 

0.09 

18.5 


0.20 

21.2 

0.438 

0.65 


Weights expressed in percentage of body weight 


Spleen per cent 

Liver per cent 

Lungs per cent 

0.50 

6.71 

2.82 

4.856 

4.224 

3.329 

<0.01 

<0.01 

<0.01 

0.62 

7.05 

2.81 

4.410 

3.768 

3.464 

<0.01 

<0.01 

<0.01 

1.65 

9.22 

4.23 

B 

0.90 

0.65 

0.90 

Efficiency per cent 

50 



50 



0 


producing a significant mechanical barrier to the inevitable progression of tu- 
berculous disease. But this protection is anything but absolute. 

In chart 3 we have contrasted the weights of the spleen, liver, lungs and total 
lymph nodes, expressed in percentage of the animal’s body weight, for the vole 
bacillus and BCG immimized groups II and III, the tuberculous controls in group 
W as well as for the normal group I which measures the virulence of the vole 
bacillus alone. 

In regard to the animals in group I which were, at four weekly intervals, in- 
tracutaneously injected with a total of 2.0 mg. vole bacDlus in order to study the 
pathological changes produced in the guinea pig, we obsen^ed the following: 
Four of these 12 animals died spontaneously 211 (1), 214 (2) and 217 (1) days 
after inoculation. They were in the same cage and each died from a pneumo- 
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coccic croupous pneiunonia. No trace of tuberculous disease was found in any 
of these animals and cultures of the left axillary and inguinal nodes remained 



Chaht 3. Average weights of liver, lungs, spleen and total lymph nodes, expressed as 
per cent of body weight. 

Per cent of body weight: 1. Vole normal group. 2. BCG + tbc group. 3. Vole + 
tbc group. 4. Control tbc group. 

sterile. The vole bacilU had apparently died out vdthin seven months. The 
remaining 8 animals in this group were killed 613 days after the inoculation with 
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vole bacilli; these, likewise, showed no tuberculous changes and the cultures of 
the left axillary and inguinal nodes were sterile. We have tabulated the volumes 
and weights of various lymph nodes and internal organs in this group and have 
compared these data statistically with those of groups II, III and IV. In nearly 
everj' instance these normal organs differ significan% from their corresponding 
organs in the vole bacillus immunized and subscquentlj’' tuberculosis infected 
group 11 animals. We are compelled, therefore, to conclude tliat the hyper- 
plastic changes observed in the viscera and Ijnnph nodes in group II are produced 
by the bovine tubercle bacilli and not bj' the vole bacillus. This long passage 
of vole bacilli in the guinea pig confirms the opinion expressed by Griffith (4) 
that “the lesions . . . produced by small doses intraperitoneally or large doses 
subcutaneously heal completely, the bacilli die out.” 

Thus, we have carried out the vish of Wells and Brooke (2) “to leave all the 
animals for 18 months, or as long as they suiadved, to determine the survival time 
in each group.” In the following studies, which arc terminated and are now 
being assembled, w’e shall present the hematological data on the animal groups 
discussed in this paper; the protective value of percutaneous (multiple punctmre) 
vaccination of guinea pigs with the vole bacillus on a subsequent tuberculous 
infection; preliminary multiple puncture vole bacillus vaccination of man; and 
finally biological differences between a\ian, bovine, human tubercle bacilli, the 
vole bacillus and M. paraitibercuhsis elicited by means of the Koch phenomenon. 

SUMART 

Intracutaneous vaccination of guinea pigs with the vole acid-fast bacillus 
(Wells), prior to infection with virulent human tubercle bacilli, gives a high degree 
of protection w’hich is equal to, but not greater than that produced by vaccina- 
tion with BCG. 


SUMARIO 

La vacunacfdn intracutanea de los cobayos con el bacilo acidorresistente del 
rat6n campestre (Wells) antes de la infeccidn con bacilos tuberculoses humanos 
virulentos, facilita \ma proteccion elevada que es igual a la producida por la 
vacuna BCG, pero no mayor que feta. 

The author is greatly indebted to his assistant. Dr. Halfdan Schjelderup, Dr. Dinar Berle 
and Mr. Sigbjorn Aamodt, for invaluable technical and statistical assistance. 
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Susceptibility of South African Wild Rodents to the Vole Strain of Acid-fast Bacillus 

and to Other Acid-fast Bacilli 
Preliminary Report 

E. GRASSET,' J. F. MURRAY* and D. H. S. DAVIS= 

INTRODUCTION 

Isolation of an acid-fast bacillus from naturally infected voles in England was 
first reported by Wells (1937). Further contributions to a knowledge of this 
organism were made bj" a number of workers and are summarized in an article 
on the subject by Brooke and Da}’’ (194.4), which gives a complete bibliography. 

The present work was undertaken to study some of the biological properties 
of the organism and to ascertain the susceptibility of South African A\Tld rodents. 

A culture (D/15) was received bj-^ us in August, 1941, thanks to the courtesy 
of Dr. A. Q. Wells. Following his instructions, subcultures were made on 
Dorset’s medium without gl^'cerin. The first subculture was extremely slow 
in establishing itself. After three months’ incubation at 37°C. minute colonies 
were observed. They reached 2 to 3 mm. diameter after five months’ incuba- 
tion. Microscopic examination showed acid-fast bacilli frequently curved and 
S-shaped as described by Brooke (1941) and Griffith (1942). Since 1941 sub- 
cultures have been made on Dorset’s medium without and with glycerin (1 per 
cent). Development of colonies became somewhat more rapid but remained 
slow in growth as compared vith human and bovine strains of the tubercle 
bacillus. Isolated colonies of vole bacillus on this medium continued to develop 
during eight to ten months’ incubation, reaching 2 to 4 mm. diameter vdth 
raised centre, wax^"^ appearance and containing elements of different degrees of 
acid-fastness and rare branclung forms. 

The susceptibility of the following South African wild rodents was investigated 
and compared with that of guinea pigs and rabbits. A liigh tolerance of guinea 
pigs and rabbits to the vole bacillus has been sho^vn by Brooke (1941) and 
Grifiith (1942). 

Multimammate mouse {MasUnnys coxicha-Muridae-Mwinae) 

Cape gerbil (Tatcra afra-M^iridae-GcrbiUmae) 

Transvaal gerbil {Tatcra brantsii-Mnridac-Gerbillinae) 

White footed lat {Mystromys alhicaudalus-Miiridae-Cricetvnae) 

The gerbils were healthy adult trapped specimens which were kept in the 
laboratory for a few days before use. The Mastomys and Mystromys were 
laboratory-bred animals. All these animals have been used here under labora- 
tory conditions for some years. The Maslomys is extensively employed by us 
as a test animal in experimental plague work. The gerbils are utilized in plague 

* South African Institute for Medical Research, Johannesburg, South Africa. 

® Union Health Department. 
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studies and also in the joroduction of t 3 ’'phus vaccine, Myslromys lias been used 
by us experimenlally in Icpros}’, plague and typhus ^vork. At no time, in the 
thousantis of these animals c.vamined, have we ob.scrved lesions in an}' way 
resembling those produced by the vole acid-fast bacillus in this investigation. 

I 

Pathological and Histological Data 
(J, F. Mmvay) 


A. TATKUA AFHA AND TATEHA BnANTSII 

*‘Vs no e.vperimental or histological dilference has been observed in the vole 
bacillus infections of T. afra and T. hrantsii these animals have, for the purposes 
of this report, been grouped together. 

Group I: iVll inoculations in the initial group were intraperitoneal. The 
inoculum was suspended in physiological saline by grinding vitli steel balls in 
a hard glass tube after weighing the wet growth obtained from a three-month 
culture on Dorset’s medium without glycerin. 

Five animals were inoculated with 0.1 mg., 17 with 0.01 mg. and 11 with 
0.0001 mg. By the thirty-ninth day 17 animals had died of intercurrent disease 
showing no macroscopic evidence of vole bacillus infection (table 1). Spleen 
smears were made from each animal shortly after death. In 2 animals, on the 
nineteenth and twentieth days after inoculation vith 0.01 mg., scanty acid-fast 
organisms were found in the spleen smears. Sections of the spleen, however, 
showed no significant pathological change and no acid-fast bacilli could be found 
in Ziehl-Neelsen preparations. The animal d}'ing on the thirty-ninth day after 
inoculation with 0.01 mg. also showed scanty acid-fast bacilli in a smear of 
splenic tissue though there was no macroscopic evidence of infection. Section 
of the spleen showed minute aggregations of epithelioid cells in the centre of the 
Malpighian corpuscles. In suitably stained preparations acid-fast bacilli were 
found in these foci of epithelioid cells. An animal d}'ing on the ninety-third day 
after inoculation with 0.01 mg. showed such marked postmortem changes that 
the histological preparations were useless, though numerous acid-fast bacilli 
'v\'ere found in spleen smears. Two animals wliicli died on the 130th day after 
inoculation with 0.01 mg. and 0.1 mg,, respectively, showed no macroscopic 
evidence of infection but on section the spleen showed lesions in the Malpighian 
corpuscles. The lesions (which are described in detail later) were typical of vole 
bacillus infection. On being suitably stained they showed numerous acid-fast 
organisms. The animals which died or were Icilled after the 21Sth day showed 
gross macroscopic lesions which are described later. 

Group II: The second group consisted of 21 animals. Six were fed on the 
organs (spleen, liver and hmgs) of 3 animals from group I which, when lolled, 
showed gross macroscopic lesions. Four of the animals died too early to show 
any lesions (table 1) but the remaining 2, at death on the 317th and 322nd days, 
showed gross evidence of vole bacillus infection. The nature of the lesions in 
these orally infected animals will be discussed later. 
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Subcutaneous and intraperilonea! inoculation of 15 animals with saline sus- 
pensions of ]ioi-lions of the same infected organs were also successful in trans- 
mitting the infection (table 1). 

From these two groups of gerbils it appears that \'-cry shortly after intraperi- 
toncal inoculation the bacillus can sometimes be found in spleen smears but no 
definite histo-pathological lesions were observed before the thirty-ninth daj’’ and 
the earliest definite maci-oscoi)ic lesions were found on the lOSth da}' after 
subcutaneous inocitlation (table 1). 

n. ^tACROscolnc AprnAiiAXCv: of tateua dyixg avitii vole uacillus infection 

Sribcitlancous inoculation: Animals inoculated subcutaneously in the groin 
sometimes showed a local caseous lesion with involvement of the regional Ijmiph 

TABLE 1 


Tatcra afra and Tatcra branlsii: Days of life after inoculation with cole bacillus 
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• Scanty ach!-fnst hncilli found in spleen smear, 
t Scanty acid-fast bacilli found in scrapinc; of peritoneum. 


nodes. In most instances, however, no evidence of a local lesion was found, 
the iiostmortem appearances then being indistinguishable from those follovdng 
intrajieritoneal inoculation. No significant difference was obseia^ed in the 
visceral lesions of animals inoculated subcutaneously and those inoculated 
intraperitoneall}". 

Intrapn'iloncal inoculation: Apart from the local lesion in animals which have 
been inoculated subcutaneously, the fii'st macroscopic evidence of infection in 
animals infected by any route is splenomegaly. The spleen is dark purple in 
color, soft and congested but no tubercles are visible at this stage. When the 
disease is more advanced it takes the foi-m, macroscopically, of minute jmllow 
tubercles in the spleen. At a later stage the tubercles are found in other organs, 
notably the liver, lungs, hilar lymph nodes and diaphragm; less frequently the 
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kidneys and occasionally the heart. The regularity with which tubercles are 
visible in the diaphragm is a notable feature of the disease whether infection is 
by the subcutaneous, intraperitoneal or oral route. 

As the lesions progress the tubercles enlarge, fuse and eventually, especially 
in the spleen, liver, lungs and lymph nodes, show central caseation (figures 4 and 
5). Ultimately the lesions convert the spleen into a grossly enlarged organ 
which 'fills the left side of the abdomen down to the pelvis and shows adhesions 
to adjacent organs. Macroscopically it shows alternating caseous yellowish 
masses and hemorrhagic areas. As compared with the normal 0.4 g., it may 
weigh as much as 11 g. Animals dying after approximately the 200th day 
frequently also show similar large caseous lesions in the liver and lungs. No 
involvement of suprarenal glands has been observed. 

Oral route of infection: The 2 animals which died on the 317th and 322nd days 
after beiog fed vdth infected tissues showed ulceration of the mucosa of the small 
gut with tubercles on the corresponding serous surface, involvement of the 
mesenteric lymph nodes and a spread of tubercles to the other organs including 
the diaphragm. 

C. MICROSCOPIC mroiNGS IN TATERA DYING OP VOLE BACILLUS INFECTION 

The earliest lesions consist of small foci of epithelioid cells. These cells have 
oval, sometimes folded, vesicular nuclei surrounded by an abundant cytoplasm 
which seldom shows any definite cell border in hematoxylin and eosin prepara- 
tions. As a result the cells form a continuous mass of cytoplasm and nuclei. 
They closely resemble the epithelioid cells of tuberculosis but the absence of 
Langhans type giant cells and the late appearance of caseation are differential 
features. The lesion in the spleen, lung, lymph node, liver and kidney com- 
monly shows a peripheral zone of round cells which are mainly small lymphocytes 
but also numerous plasma cells (figure 1). As the follicles enlarge the zone of 
round cells tends to become less prominent and may disappear entirely (figure 4). 
In the lung aggregates of lymphoid cells appear to be the first indication of mfec- 

' Fig. 1. (Upper left) Earlyvole bacillus lesion ia lung of Fatero 6raTitsfi showing epithe- 
lioid cells and peripheral zone of lymphoeytic cells. H. &E. X138 
Fig. 2. (Upper right) Giant cells in the lymphocytic cell zone of vole bacillus lesion in 
spleen of Talera afra. H. & E. X198 

Fig. 3. (Upper centre left) Spleen in vole bacillus infection of Taiera hrantsii, showing 
distribution of the lesions in the Malpighian corpuscles. H.&E. X39 
Fig. 4. (Upper centre right) Peribronchial and perivascular distribution vole bacillus 
lesions in lung of Talera hrantsii. H. & E. X7 
Fig. 6 (Lower centre left) Vole bacillus lesions in kidney of Talera hrantsii showing 
distribution in the cortex of the kidney and in the subepithelial area of the renal pelvis. 
Caseation in the most advanced lesions is clearly shown. H. & E. X5 
Fig, 6. (Lower centre right) Spread of vole bacillus lesions by regional lymphatic ves- 
sels in the inguinal connective tissue of Talera branlsii. H. <& E. X39 
Fig. 7. (Lower left) Intracellular organisms in spleen section from Talera hrantsii in- 
fected with vole bacillus. Ziehl-Neelsen. X600 
Fig. 8. (Lower right) Vole acid-fast bacillus strain D 15. On glycerin gerbil-extract 
Dorset medium. Four months incubation at 37'‘C. X0.6 
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tion and it is in the centre of these Ijonphoid aggregates that the epithelioid cell 
foci appear. 

'i'iTien the lesion is far advanced the tubercles show a tendenc 3 " to fuse and 
central caseation 'becomes apparent. Giant cells are uncommon but thej’’ are 
occasional!}’- observed in the lung and spleen (figure 2) and even less commonlj’’ 
in the liver. Thej^ have not been observed centrallj- or in the epithelioid portion 
of the follicle but alwaj’-s in the surrounding zone of round cells. The giant cells 
have a general resemblance to megabaiyocj’-tes vith large, frequently multi- 
lobular nuclei of a vesicular type. The Langhans t 5 'pe of giant cell has not been 
observed. 

The distribution of the lesions in the various organs is remarkabl}’’ constant. 
In the spleen the earliest lesions invariably appear in the Malpighian corpuscles 
(figure 3) and it is onl}’- at a verj" late stage, when the extent and fusion of the 
lesions destro}’- the arcliitecture of the organ, that their relationship to the Mal- 
pighian corpuscles is lost. In the lung (figure 4) the lesions are peribronchial 
and perivascular in distribution. In the liver the lesions are most advanced in 
the portal tracts. But it is also common to find follicles in the hepatic lobules 
though not in anj-- specific zone. In the kidne}’^ (figure 5) the lesions commence 
in the intertubular connective tissue of the corte.\'. As the}"- spread thej’’ gradu- 
ally encircle and eventuallj’- cause destruction of the tubules but only at a late 
stage do they invade the glomeruli wliich often remain isolated in the surrounding 
lesion. It is common in the kidney to find extensive lesions beneath the pehnc 
epithelimn (figure 5). The earliest lesions in the gut appear in the deeper layers 
of the brmphoid tissue whence thej'^ spread towards the lumen causing ulceration 
and also tlirough the muscle laj^er to the serous surface. 

The primary site of the lesions in the Ijmph nodes has not been determined as 
all the affected nodes which have been sectioned to date have been so extensivelj’- 
involved that the site of the earliest lesions could not be identified. 

In the heart the lesions tend to show a perivascular distribution. 

The local lesions in the groin appear to extend by l 3 Tnphatic trunks in the 
connective tissue and muscles (figme 6). This point requires further investiga- 
tion but the histological appearances of the disease, wherever it is found, suggest 
a spread by lymphatic vessels. 

A constant and striking feature of the lesions is the weight of tlie bacterial 
infection. The organisms, Avhich Arithstand 25 per cent sulphuric acid and 
alcohol, are Amr}’' numerous, even in early lesions. The}’’ tend to occur in groups 
and masses AA’hich, in their arrangement, resemble lepros}’- bacilli. None haA'e 
been found in the lymphoid aggregates preceding or around the follicles but the 
epithelioid cells are loaded AAuth organisms man}’- of wliich are intracellular. 
I^Tien caseation occurs the organisms tend to disappear from the caseous areas 
but remain numerous in the surrounding epithelioid cells. In spleen smears 
and sections from infected animals many of the cells are packed Avith organisms 
and resemble leprosy cells (figure 7). 
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j). othi:k soinu ArmcAK kodi'-nts 

In nddition to Tr.itrn two other ppeeir.'^ of 8outh Africftn rodents were inocu- 
lated with vole bacilli in do^e^ ranpiuR from 0.0001 mg. to 0.1 mg. .\1I inocula- 
tions were intraperitonenl. 

Ml/slroini/s alhiraudntns: Bixtef'U .Ifw.ttrejm/.f proved tot .ally redst ant. ^Ml died 
or were killwl between 29S and “-lO day.s after inoculation. In none was any 
evidence found, inacroscopienlly or mimwopic.ally, of infection by vole bacillus. 

3fflrfoiJ!!/s caucha: A group of 17 MastomiA wits also inoculated ini rapcritoncally 
wath similar doses. On tbc tbirty-sixth day after inoculation witii 0.1 mg. an 
animal dical and .showed, on miemseopic examination of the .sjdcen, a minute 
epithelioid cell follicle in a lympli nwlo bang arljaccnt to the spleen, though 
the latter org.an showed no evidence of infection. Scanty acid-fa-st bacilli were 
found in the Ic.sion. A second .anim.al died on the 103rd day after an injection 
of 0.0001 mg. Tlie spleen .smear w.aa positive for acid-fast bacilli. Histological 
examination of the .sjilcen .showed minute epithelioid cell folliclc-s in the Malpi- 
ghian corpuscles. Suitably .st.aincd preparations showc<l acid-fa.st bacilli in the 
follicles. Two animals died on the 20Sth day after 0.01 mg. but .spleen .smears 
and hi.stologic.al examination were negative. 

Six animals of this group were killcrl on the -ITGth day but were in good condi- 
tion and showed no sign of disease. On the C23rd day after inoculation with 
0.0001 mg. .an aninml dio<l showing extensive lesions in the hings, though the 
animal'.s general roinlif ion w.a.s goo<l and no other organs appeared to be affected. 
An animal showing similar, hut less advanced changes, died on the GCOth day 
after 0.1 mg., though 2 which <rtcd on the GGStl) day after a .similar amount 
showed no evidence of infection. The remaining 3 .animals, which liad received 
0.1, 0.01 and 0.0001 mg., respectively, were killed on the 74911) day after inocula- 
tion. One, which had received 0.01 mg. showed gross lung l&sions and a few 
minute tubcrclc.s in the small gut and spleen, but in other respects appeared to 
be hcaltl)y. I'hc other 2 animals were unaffected. Of the 17 animals, therefore, 
5 showed lesions, the earliest at thirty-six days and tlie latc-st when it w\as killed 
at the 749th day. In the 3 most grossly atTccted anim.als the Ic-sions were mainly 
in the lungs. The only la'^ions found outside the lungs wore in the spleen, in the 
gut and in a focus of l.vmphoid tissue adjacent to the spleen. In each instance 
the lesions outside the lungs were microscopic in nature even in the animal which 
was killed 749 da 3 '.s after inoculation and showed gross lung lesions. The good 
general condition of tiic affcclcd animals, with abundant subcutaneous and 
omental fat, was in striking contrast to the extensive lung lesions in 2 of them. 

Histologically the animal which died on the GGOth day showed small aggre- 
gates of epithelioid cells in the lung similar to those found in Tatcra except that 
there was no encircling ring of ! 3 unphocytcs. The other 2 animals showed lung 
lesions, however, which were so far advanced that no individual tubercles could 
be distinguished. Large areas of the lung tissue were replaced by proliferating 
epithelioid cells and areas of caseation associated with foci of xanthomatous de- 
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generation. No giant cells were observed. A few foci of Ij-mphoid hyperplasia 
were present in relation to the epithelioid cell reaction. The vole bacillus was 
present in gi-eat numbers in the lung lesions and scanty acid-fast bacilli were also 
found in the gut, splenic and Ijunphoid lesions. 

E. GUINEA PIGS AND R.ABBITS 

Guinea pigs: Trventy-one guinea pigs were inoculated intraperitoneally vuth 
doses ranging frotn 0.0001 mg. to 0.01 mg. Eight other guinea pigs were inocu- 
lated subcutaneousl 3 ’^ with 0.25 cc. of a hea\y saline suspension of the ground-up 
^^scera of a Taiera which had died with extensive lesions. One of the latter 
group died on the twenty-first daj' and showed acid-fast bacilli in a spleen smear. 
This animal, the only one of the series to do so, showed a marked local lesion at 
the time of its death with caseous areas in the abdominal wall and regional 
Ijunph nodes, in both of which sites numerous acid-fast bacilli were foimd. Some 
of the other animals showed local lesions with enlargement of the regional Ijunph 
nodes two or three weeks after subcutaneous inoculation, but by the time the 
animal died or was killed the lesion had healed lea\Tng only an area of scar tissue. 
The other 28 animals of both groups died or were killed at periods ranging from 
nine to 755 days but none showed any evidence of infection at postmortem 
examination. Spleen smears were consistently negative with the exception 
noted above and neither macroscopic nor microscopic lesions were found. 

Rahhiis: A group of 11 rabbits was negative over a period of 136 to 755 daj's 
after intraperitoneal inoculation with 0.0001 mg. to 0.1 mg. vole bacillus culture. 

E. SUSCEPTIBIMTr OF TATERA TO M. TUBERCULOSIS® 

In view of the high susceptibility of Tatera to vole acid-fast bacillus a series of 
75 T. branisii was divided into groups and inoculated subcutaneouslj'’ ivith 
saline suspenaons of: 

(а) Virulent human M. tuberculosis (strain E. L. I.). 

(б) Virulent bovine M. tuberctilosis (Ferreira-Onderstepoort strain). 

(c) Awrulent human ilf. tuberculosis (Saranac strain). 

(d) Avirulent bo^nne M. tuberculosis (BCG strain). 

The dosage varied from 0.0001 mg. to 0.1 mg. Unfortunately 26 of the ani- 
mals died within the first seven daj's after inoculation and were, therefore, lost 
from the experiment. It has now been found that early losses are high if gerbils 
recentty trapped and brought into the laboratogj' are used too soon after capture. 
Keeping the animals in the laboratory for some weeks before using them reduces 
losses of this nature. The ideal would be to use laborators’^-bred animals in 

» Since this paper was accepted for publication one of a new group of gerbils injected with 
0.1 rag. tubercle bacilli (bovine type) has died, fifty-eight days after inoculation, showing 
exddence of infection with the organism. It would appear, therefore, that the resistance of 
the gerbil to tubercle bacilli is not quite so complete as the first group of gerbils seemed to 
’ indicate. 
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Vihich losses arc negligible but they do not breed readily cnoiigb for tbis purpose. 

At present, 451 days after inoculation, IS animals s\irYivc. One animal died 
on tbe twenty-tbird day and 30 otbers belwecn tbe fifty -third and 300t.b day.*. 
Only one showed imy evidence of infection with acid-fast bacilli. This was an 
animal which had been inoculntc<l with 0.01 mg. of the attenuated Saranac .strain. 
It died on Uic ninety-fifth day and, though negative macroscopically, showed 
numerous microscopic Ic-sjons in the .spleen and one or two in the lungs. The 
liilnr root nodes al.so .showetl evidence of infection. The Icsioias were identical 
with those found in the early stage of vole bacillus infection in these animals, 
namely, epithelioid cell follicle formation without giant cells or caswvtion in the 
^lalpighian corpuscles of the spleen and in relation to the bronchi and- blood 
vessels in the lungs. Numerous acid-fast organisms were found in suitably 
stained preparations of the spleen, lung and root nodes. 

G. StrBCKPTIDUJTY OF rATVAlK AKD MYHTnOAtYS TO M, LUrilAn - 

Sixteen T, hranlsii and 7 Mystromys albicatidalus were inoculated with a'saline 
suspension of tlic ground-up tissues from lepra nodules in which numerous ilf.' 
leprae were present. The Myslro7nys were observed over periods ranging from 
ninety-four to 805 dej-s but none showed any evidence of infection macroscopi- 
cally or microscopicrdly. Of the 16 T. hranisn, G died between forty-t\v'o and'327 
days after inoculation showing no sign of infection. The remaining 10 animals, 
at 327 days, arc healthy and are being kept under observation. 

n 

The Culture of the Vole Acid-fast Bacillus on Medium Containing an 
Extract of Tatera Tissues 

Because of the susceptibility of the gerbil to the vole bacillus, an extract of 
organs, muscles and blood of this rodent was incorporated in the nutritive media 
to ascertain whether it would affect the dysgonic character of the organism. 

On Dorset medium with or without 1 per cent glycerin, the introduction of the 
extract resulted in a more rapid and more profuse grow-th of tlie strain than on 
plain or glycerinated Dorset and other media used in our experiments. 

Small colonies were observed after a fortnight at 37°C. After tw'o or three ‘ 
months’ incubation, two types of colonics developed, resembling in character to 
some extent those of the bovine types of tubercle bacillus (figure 8). 

1 : Pyramidal nonpigmented colonies, 4 to G mm. in diameter, opaque, with irregular 
edges, rugose or slightly w'rinkled surface, and raised centre. 

2: Warty nonpigmented colonies, 3 to 4 mm. in diameter, almost circular, opaque and of • 
somewhat less rugose appearance than the former. 

After three or four months’ incubation, the colonies showed no further de- 
velopment. 
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Microscopic cxninination of films from the two types of colonics showed typical 
acid-fast vole bacilli. SubctiUnres on gl 3 'cerinatcd gerbil-e.vtract Dorect me- 
dium gave colonics with .similar charactcri.stic.s, but not noce.ssarily all of the one 
type. 

Incor[)oration of gcrbil-c.\tract in potato medium gave a warty type of colony, 
reaching 2 to 3 mm. after two months. Colonies remained isolated on the surface 
of the potato. In no in.stancc so far have wo observed with the vole bacillus any 
sign of the confluence so characteristic of the })uman or bovine tj'pe of tubercle 
bacillus on 5 per cent gl.vcerinated potato medium. 

Attempts to culture on liquid media, either sjuthctic, such a.s Sauton medium, 
or gcrbi!-e.vtract broth (with or without glj'cerin) or a combination of these media 
have not so far been successful. 

Occasionalb'^ a fine pellicle of vole bacillus growth developed on the surface 
of the nutritive gerbil broth at the bottom of the slope or on the walls of the 
tubes of potato medium. These were transplanted to the surface of synthetic 
or organic liquid media. The}'- occasionallj’’ developed a very fine pellicle but 
subsequent passages failed to given anj'' appreciable growth. 

DISCUSSIOX 

The above findings show that the susceptibility of the South African gerbils 
to vole acid-fast bacilli is at least as great as that of the English field vole, 
Microlvs agreslis, Griffith (1939a), using subcutaneous inoculation of 0.01 mg. 
to 0.5 mg. of vole bacillus culture and also in animals infected by scarification 
and others by the oral route, found that, of the 11 voles he used, the animals 
with positive results showed lesions mainl}’’ in the areolar tissue of the groins 
and axillae. I^isccral lesions were tardy in appearance and were not of regular 
occurrence. The lungs most frequently showed lesions. Only in 2 voles did 
the spleen show macroscopic lesions. Glandular changes were not conspicuous 
except in one animal. These findings are in contrast to our results with Tatera 
in which visceral lesions are common and the spleen is the organ most constantly 
affected, while lesions of the areolar tissue are minimal. 

On the other hand, the few Mastornys which showed lesions were found, like 
Microtvs^ to have lesions of the lungs, while the other organs, with the axception 
of minimal lesions in the gut, spleen and Ijonphoid tissue of 3 animals, were not 
involved. Mastomys, however, unlike Microius showed no lesions of the sub- 
cutaneous areolar tissue. 

Another point of contrast is that Taicra showed progressive fatal disease after 
inoculation mth as little as 0.0001 mg. 

Griffith (1939a) found the Englisli vole more susceptible to infection with 
bovine M. tvhemdom than to that with the vole bacillus. Taicra, in ourhands, 
have shown the opposite result in that they are highly susceptible to vole bacillus 
infection, but none, so far, (vith the one e.xception mentioned) have shovm 
lesions after inoculation with bo\’ine strains of ilf. luhcrculosis. 

Histologically also there are marked points of contrast between voles and 



VOLE BACILLUS 


437 


gerbils infected with vole bacillus. Griffith (1939a), quoting a histologica 
report by Pagel, emphasizes the absence in voles of epithelioid cell tubercle for- 
mation and the presence of extensive necrosis in wliich numerous acid-fast bacilli 
are found. Voles infected with human or bovine types of tubercle bacilli, how- 
ever, showed epithelioid cell tubercle formation. In contrast to these findings 
the characteristic feature in Tatcra after inoculation with vole bacillus has been 
the tubercle formation which, when sufficiently far advanced, leads to caseation, 
while inoculation vdth boAune and human bacilli produced no histological change. 

Griffith (1939b) also found the golden hamster (Cricetus auraim) susceptible 
to large doses (1 mg.) of vole bacillus subcutaneously but, though tuberculosis- 
lilce lesions were produced, there was no caseation. The hamster was even more 
susceptible to M. tuberculosis (both human and bovine) than it was to the vole 
acid-fast strain and the resulting lesions were characterized by caseation. These 
results, also, are in contrast to those obtained by us with Tatcra. Further, 
Mystromys, which is a member of the same sub-family (Cricetinae) as the hamster, 
was wholly resistant to vole bacillus in doses up to 0.1 mg. On tlie other hand, 
there is a wide phylogenetic gulf separating the two rodents Microtus and Tatcra 
which show the greatest susceptibility to vole bacillus. The varied response 
of different rodent species appears to be a specific one and not a group response 
of related forms. 

The type of infection observed in gerbils infected with the vole bacillus differs 
markedly from that observed in guinea pigs and rabbits inoculated with bovine 
strains of the tubercle bacillus. The latter is acute in nature and shows early 
caseation Avith definite Langhans type giant cell formation in relation to a marked 
epithelioid cell reaction. Vole bacillus infection in gerbfis, on the other hand, 
is characterized by a slow progressive lymphatic invasion with epithelioid cell 
tubercle formation. The few giant cells are not of the Langhans type and casea- 
tion occurs only at an advanced stage of the disease. One of the most striking 
features of the vole bacillus lesions in gerbils is the abundance of acid-fast bacilli 
similar to that in some cases of leprosy. Griffith (1939b) mentions a similar 
finding in the golden hamster. 

The route of infection appeared to have no bearing on the nature of the disease 
or the distribution of the lesions in infected gerbils. Subcutaneous, intraperi- 
toneal and oral routes were equally successful in producing infection and in 
each instance the spread appeared to be by the lymphatics. 

The high degree of susceptibility of gerbils to vole acid-fast bacillus is in 
contrast to their resistance to other acid-fast bacilU including virulent and aviru- 
lent human and bovine strains of M. tuberculosis and a strain of M. leprae. It 
also contrasts with the complete resistance to vole bacillus infection shown by 
Mystromys and the partial immunity shown by Mastomys. Our work corrob- 
orated the findings of other workers regarding the relative tolerance of guinea 
pigs and rabbits to the vole bacillus. (Griffith (1942), Corper and Cohn (1943).) 
We failed to produce progressive disease in these animals with amounts up to 
0.01 mg. It has been recorded by others that even 0.1 to 1 mg. may cause only 
. a retrogressive type of lesion (Griffith (1942), Brooke (1941)). 
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STOQURY 

1. The susceptibilit 3 " of the South African rodents Taiera brantsii, Tatera afra, 
Masiomys concha and Mrjstromys albicandatus to the vole acid-fast bacillus has 
been teted. 

2. Taiera hrantcii and Tatera afra have been found highlj’- susceptible. Mas- 
ioinys concha shows lesions in a minority of inoculated animals. Mystromys albi- 
caiidatus has proved unsusceptible. 

3. The microscopic and macroscopic appearances in Tatera infected sub- 
cut’aheousty, intraperitoneally and oraUj'' are described. 

4. The susceptibility of Tatera brantsii to vhulent human and bovine strains 
and to the Saranac and BCG araulent str^s of M. tuberculosis was also studied. 

5. The onlj'^ positive result in this group of Taiera was an animal inoculated 
with the Saranac strain. 

' 6. The susceptibility of rabbits and guinea pigs to the vole acid-fast bacillus 
was t^ted and, as pre^^LOUsly reported by other workers, foimd to be of a low 
ordep . 

7. A group of 16 Tatera and 7 Mystromys was inoculated with a suspension of 
M. teyrac from a lepra nodule. No evidence of infection has been observed in 
jmy'ahimal up to 327 daj^s. 

8. The addition of an extract of Tatera tissues to Dorset’s medium markedly 
improwd the growth of the vole acid-fast bacillus. 

sraiARio 

. L' Comprobada la susceptibilidad de los roedores sud-africanos Taiera brantsii, 
Tatera afra, Mastomys concha y Mystromys albicandatus al bacilo dcidorresis- 
tente del Microius arvicola, los T. brantsii y T. afra resultaron muy susceptibles, 
en tanto. que el Mastomys concha mostrb lesiones en la minorfa de los animales 
inoGuladps el Mystromys albicandatus resultd insusceptible. 

, 2. Describese el aspecto micro y macroscdpico de las tateras infectadas 
subcutanea, intraperitoneal y oralmente. 

.. 3. Tambidnse estudid la susceptibilidad de la Tatera brantsii a cepas humanas 
.y bordqas yirulentas y a las cepas Saranac y BCG avirulentas del M. tuberculosis. 
■ 4. Da este grupo de tateras el hnico resultado positivo fud en un animal 
inoculado con la cepa Saranac. 

Comprobada la susceptibilidad de los conejos y los cobayos al bacilo 
acidorresistente del M. arvicola, resultd escasa segiin han comunicado preria- 
mente otros investigadores. 

,6. A un grupo de 16 Tateras y 7 Mystromys se les inoculd una suspensidn 
de M. leprae de un nddulo leproso, sin obsenmi'se signos de infeccidn en ningdn 
animal ni aun a los 327 dias. 

7. La adicidn de un extrato de tejidos de Tatera al medio de Dorset acrecentd 
decididamente la proliferacidn del bacilo dcidorresistente del M. arvicola. 
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PULMONARY ACARIASIS 
Its Relationship to the Eosinophil Lung and Loffler’s Syndrome 

A. VAN DEH SARI 

The syndrome “Tropical Eosinophilia” (Weingarten (1)) has been reported 
from different parts of the world, for example, East Indies, India, Cuba and the 
Netherland West Indies. However, up to the present, three different causes 
have been found for the same syndrome, for instance, de Langen (2) (1927) 
in the Netherland East Indies found a severe infection wth Stro7igyloides sier- 
coralis. In the sputum of one of his patients a strongjdoid larva could be ob- 
served. The patients were treated vdth tartar emetic injections and aU symp- 
toms promptly subsided. 

Meyers and Kouwenaar (3) (Netherland East Indies) demonstrated in 1939 
Microfilana Malayi in the enlarged lymph nodes of the groin. Only in a few 
was the spleen enlarged. 

In the Netherland West Indies, van der Sar and Hartz (4), in 1945, also proved 
the relationship between tropical eosinophilia and microfilaria. In 2 cases (one 
unpublished) they found microfilaria in the enlarged axillary lymph nodes. The 
first patient was treated with tartar emetic; a recurrence followed after two 
montlis; treatment with Mafarside caused the symptoms to disappear completely. 
In the second patient, also treated wdth Mafarside, the symptoms disappeared 
and, after six months, no recurrence developed. 

At Ceylon, in 1944, Carter, Wedd and D’Abrera (6) examined the sputa of 2S 
patients suffering from respiratory complaints. The eosinophil count in the 
peripheral blood varied from 6 to 66 per cent. They demonstrated various types 
of naites in the sputa of 17 out of 28 patients. 

Soysa and Jayawardena (6) (1945) observed 30 Ceylonese soldiers suffering 
from asthmatic bronchitis avdth attacks of severe dyspnea, particularly at night. 
The hematological exanunation revealed a leucocytosis which ranged from 10,200 
to 37,000, while the eosinophil count varied between 33 and 81 per cent. An 
etdarged spleen or enlarged peripheral lymph nodes were not noticed. Mites 
of either Tyroglyphus or Tarsoncmns were, recovered from 11 sputa out of 21 
cases examined. 

On the basis of the observations made by Carter el al., Soysa and Jayawardena, 
the possibility of a mite infection in our cases with asthmatic conditions, but 
mthout an enlarged spleen or enlarged lymph nodes, could be expected. An 
investigation of several patients revealed the following results. 

CASE REPORTS 

Eight cases were examined, their age ranging beUveen 8 and 48 years. 

Cases 1, S, S,and 4 had one principal symptom in common, namely asthmatic broncHtis. 
The asthmatic broncliitis grew worse at m'ght and a tenacious, mucopurulent sputum 

* Internist of the Public Health Service, Curagao, N. W. I. 

440 



I'VIAIOKAUY ACAUIASIS 


441 


was raised. Symptomatic treatment was without benefit. An enlarged spleen or en- 
larged Ijnnph nodes were not noticed. 

Case o was admitted to the hospital while he raised some blood with the sputum. He had 
no history of tuberculosis. During the last twelve months he complained of recurrent 
bronchitis without asthma. Examination of the throat and larynx rcvoirlcd nothing 
abnormal. The spleen and lymph nodes were not enlarged. 

Cases G and 7: The histories of the.^c two sisters revealed repeated attacks of bronchitis 
which did not dis;rp]re;\r after the usual symptomatic treatment. Family history of 
tuberculosis was negative. The sjilcen was not enlarged, but small lymjdi nodc.s were 
palpable in the left and right axilla. 

In these cases the environment was of sjiceial inlere.-'t, for in the same building, two and 
three vears before, 2 patients were observed with typical tropical cosinophilia, without 
enlarged spleen and enlarged hnnph nodes. The leueoeyte counts ranged between 15,000 
and 40,000 with an cosinophilia of G2 and 70 jrer cent, respectively. At that time no 
cause could be found. They were svrccessfully trcirtod with injections of tartar emetic. 

Case S: Two years ago he contracted a tuberculous infection of the right lung. There 
was a small cavity in the right upircr lobe and a dense infiltration in the lower one. Sjui- 
tum examination revealed acid-fast bacilli and the animal test for tuberculosis with thi.s 
sputum was positive. 

A pneumothorax was induced and a .satisfactory collapse of the lung was obtained. 
On admission, the blood count was normal without cosinoiihilia. Four months aftei- the 
pneumothorax was started, the sedimentation rate rose and the white blood count was 
13,600 with 20 per cent eosinopliil cells. This blood count varied considerably, for ex- 
ample, on March 3, 1945, 18,500 leucocytes with 4 per cent eosinophils and on July 16, 
1945, 17,400 leucocytes with 14 per cent eosinophils. The elevated sedimentation rate 
(36 mm.) was not explained by the X-ray appearance of the lung. Sputum was negative 
for acid-fast bacilli, as was also the animal test. The spleen was never enlarged but some 
IjTirph nodes of pea-size were present in the right axilla. During the latest elevation of 
the leucocyte count, mites, different from the tj'ire found in the other cases, could be 
recovered from the sputum. 


labor.\tory examinations 

The stools were repeatedly examined for parasites and ova without positive 
results. Examination of the sputum of all patients, with the Ziehl-Neelsen 
method, was negative. In the gastric contents of cases 5, 6, 7 and 8 acid-fast 
bacilli could not be found with the Zielil-Neelsen method, on culture and animal 
inoculation. Nightly blood examinations for filariasis were negative. 

Sputum examination for mites: Before the sputum Avas collected, all pre- 
cautions against contamination by mites from extraneous sources AA’ere taken, as 
mentioned by Soysa. Preparation of the sputum Avas carried out according to 
the method described by Carter ei al. All the sputa Avere found to be positive 
for mites. The mites of cases 2, 3, 4, 5, 6 and 7 are, according to Belding et al. 
(7), possibly hypopal stages (see figures 1, 2 and 3). The mites found in case 
8 are of a different type and are still not identified. Only in case 1 Avas the adult 
form of Tyroglyphus (probably the female) found (figure 4). 
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X-RAY FINDINGS 

The roentgenological findings consisted in 5 cases (1 to 5) in the so-called 
eosinophil lung; in 2 cases (6 and 7) in transient pulmonary infiltrations, both 
localized in the left lung; in case 8 no pulmonary infiltration or catarrhal reactions 
could be observed. 

The eosinophil lung (figures 5 and 6) was characterized by enlarged hilar- 
markings, fine mottling with ill defined spots, mostly disseminated through both 
lungs; this however is not necessary. A catarrhal reaction of the finer lung 
markings was nearly always present. In cases 6 and 7 transient pulmonary 
infiltrations could be observed (figures 7 and 8); in case 6 these infiltrations were 
found in the base of the left lung, in case 7 there was a large liilar infiltration of 
the left lung. 

After treatment, the lungs in all cases were clear. 

HEXI.\T0L06ICA1. OBSERV.VTIONS 

The hematological examinations showed great variation (see table 1). The 
total leucocyte count ranged between 12,000 and 20,700, the lowest percentage 
of eosinophils was 1 per cent, the highest 80 per cent. A mild degree of second- 
ary anemia was sometimes present. Eosinophilic leukemia could easilj’’ be 
discarded because all the eosinophil cells were of the mature type. 

TRE.\TMENT 

Patients 1 to 5 were treated with Mafarside injections every five days. The 
symptoms promptly disappeared but the eosinophil count was, at the end of the 
treatment, still higher than normal. The hemoglobin content returned to normal 
levels; the lack of appetite disappeared; all patients gained weight. 

Patients 5, 6, 7 and 8 were treated with carbason, three times a da}'- for ten 
days. They also showed a good response to therapy. No recurrences rvere 
oiiserved. 


COMMENT 


Transient jnilmonary infiltrations with a paucity of symptoms and clinical 
signs, associated with varying degrees of peripheral eosinophilia, foi-m the syn- 
drome as originall}' described by Lofiler in 1932. 

Several authors observed tlie same syndrome, however, associated m’th an 
infection with Entaviocha hislohjlka (Hoff and Hicks (8)), with Strongijloides 
inteslinalis (Beck (9)), with some allergen (Karan (10)), with cutaneous hel- 
minthiasis {Anhilosloma hrazilicnse) (Wright and Gold (11)). 

Lofiler, in reviewing his 51 cases, found 5 different types of pulmonaiy in- 
filtrations, namely, uni- or bilateral infiltrations, small infraclavicular infiltra- 


1' K!.s. 1 , 2 iuul 3. (Upper left ; upper right ; lower left ) 
2 to 7. X 190 

I'ln. 1. (Lower right) -Adult form- (prohahly female) 
tirobahly 1 yroglyphus, as observed in case 1. X 399 


Ilypopal stages, observed in casc.s 


of family Tyroglyphidae, gemi.s 
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tions, uni- or bilateral densities or sharply defined densities in the right middle 
lobe and infiltrations identical with the adult type of tuberculosis. 

About the anatomy of these infiltrations nothing was known. Martens and 
Engelbreth-Holm (12) were of the opinion that these infiltrations were anaphy- 
lactic edema or infarcts. 



Fig. 5. (Upper left) Case 2. Tj^pical eosinophil lung witli enlarged hilar markings; 
small ill defined spots are visible on both sides. 

Fig. 6. (Upper right) Case 5. Eosinophil lung, mostly right-sided and in the base. 

Fig. 7. (Lower left) Case 7. Transient left -sided hilar infiltration (Loffler’s infiltration). 

Fig. 8. (Lower right) Case 7. The X-ray film of the lungs one week after treatment 
with earbason. 

Meyenburg (13), in 1942 published liis pathological findings in 5 cases. Four 
of them were soldiers killed b}-- accident; thej' were previous^’- in good health. 
The fifth case died of a tetanus infection. On gross examination he found 
bronchopneumonia ivithout anj' special characteristics. On microscopical ex- 
amination, hoAvever, it was found that the lesions consisted of exudative eosino- 
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philic inflammations. Giant cells with multiple nuclei were a regular finding. 
They developed from fused alveolar cells, encircling a small vacuole in which no . 
foreign body was ever found. An eosinophilic bronchitis and bronchiolitis was 
present in 2 cases, the veins in the interlobular septa were also inflamed; there 
were small thrombophlebitides, but the vessels were never totally closed. He 
concluded that Loffler’s infiltrations may be real eosinophilic bronchopnemnonias 
originating from bronchogenic infection. 

These findings of Mej^enburg and the occm'rence of mites, in hypopal stages 
and in' the adult form, in sputum associated vdth transient lung infiltrations 


TABLE 1 

Results of blood counts 







HEMO- 


WHITE CELLS 

Eosino- 

philia 

Sn 

tJ 

«5 

CASE 

NUMBER 

SEX 

AGE 

DURATION 

OF ASTHMA 

OCCUPATION 

GLOBIN 

CON- 

TENT 

RED CELLS 

Initial 

Final 

Ini- 

tial 

per 

cent 

Final 

per 

cent 

SI 

1. P.N.... 

Female 

1 

4 months 

Housewife 

per cent 

85 

4,400,000 

20,200 

4,500 

61 

8 

mm. 

25 

2. B. H.... 

Male 

37 

3 months 

Clerk 

96 

4,940,000 

19,900 

7,900 

58 

7 

10 

5. V. K.... 

Male 

41 

3 weeks 

Policeman 

91 

4,840,000 

20,700 

7,800 

58 

8 

18 

4. C. J,... 

Male 

41 

5 weeks 

Laundry - 
worker 

103 

5,310,000 

18,000 

6,800 

80 

4 

56 

5. G. J.... 

Male 

34 

No 

asthma 

Electri- 

cian 

82 

4,190,000 

13,400 

9,100 

18 

5 

16 

6. W. E.... 

Female 

8 

Bronchitis 


70 


14,600 

7,700 

1 

8 

32 

7. W. R... 

Female 

9 

Bronchitis 


79 

4,100,000 

12,000 

7,700 

17 

11 

30 

8. E. B.... 

Male 

42 

Bronchitis 

Laborer 

91 

4,580,000 

17,400 

8,200 

14 

4 

36 


stress the possibility that mite infection is of pathognomonic significance. We 
are supported in this opinion by the demonstration of pulmonary lesions in 
monkeys (Davis (14)). He suggested that the ill defined spots, as seen on 
X-ray films, may result from lesions similar to those described in monkeys. 
Nothing however is knovm about the hematology in monkeys with pulmonary 
acariasis. 

The question why in some cases the mite infection manifests itself as tropical 
eosinophilia, in other cases as Loffler’s sjmdrome and, as in our case 8, without 
any roentgenological abnormalities while a leucocytosis with eosinoplulia per- 
sisted, must remain unanswered for the time being. 
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BUMMAUY 

The demonstration of mites in the sputum of S patients confirmed the findings 
of Carter et al, and Soysa and Jayawardena. 

Lofller’s syndrome, lutlierto not observed in mite infections, could be demon- 
strated in 2 cases; they were of the unilateral left type. 

The possible pathological significance of mite infection in human beings is 
supported by the findings of Moj'cnburg, by the pulmonary lesions caused by 
mites in monkeys and the raising of blood with the sputum in one of our patients. 

SUMARIO 

La dcmostracidn de dcaros en cl esputo de ocho pacientes confirmd los hallazgos 
de Carter et all y So 3 'sa and Jayawardena. 

El sindrome de Ldfller, hasta ahora no observado en las infecciones por los 
dcaros, pudo ser demostrado en dos casos, eran del tipo unilateral izquierdo. 

La posible iraportancia patdlogica de la infeccidn por dcaros en seres humanos 
es apoj’^ada por los hallazgos de Mej'cnburg, por las Icsiones pulmonares causadas 
por los dcaros en monos j’' la excrecidn de sangre con el esputa en un de nuestros 
pacientes. 

Wc arc indebted to Prof. Dr. David L. Bolding, Dr. J. C. Bequnert and Mr. Nathan Banks 
of the Boston University for the determination of the mites. 
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AMBULATORY PNEUMOTHORAX INDUCTION 
A Report of One Year’s Experience in Chungking 
ADELE COHN WRIGHT‘ 

For the city of Chungking with a population of over 1,000,000 there arc less 
than 200 beds available for tuberculosis patients. With so few beds, none of 
which is free, it is obvious that the number of patients who can obtain hospital 
care is insignificant. Because of the prevailing social and economic conditions, 
to be described below, bed-rest at home is practically impossible. It seemed, 
therefore, that the onlj*' hope under these circumstances was ambulatory pneu- 
mothorax treatment. Since there were no hospital facilities to take care of 
patients during the period of pneumothorax induction, it was decided to per- 
form the inductions, as well as the refills afterwards, in the clinic. In this way, 
a number of patients could be treated who were suitable for pneumothorax 
therapy but unable to obtain it because of the lack of hospital facilities, the 
expense of hospitalization and their inability to afford interruption from work 
for the period of treatment. It was hoped that this method of treatment might 
lead to cure or at least prolongation of life for the individual patient while at the 
same time it would serve an important epidemiological function by converting 
open cases into closed cases. 

nmxG coKnmoxs in cHUNGiaxG 

Chungking, previously a small up-river city of about 300,000 inhabitants, 
became China’s wartime capital in 1938. Since then its population has grown 
steadily and now numbers over 1,000,000. Many of these are refugees who have 
flowed into Chungking in successive waves following the loss of territories in 
other parts of the country to the Japanese. Living quarters, often dark and 
poorly ventilated, are extremely congested, "with sometimes one or two families 
sharing one small room. Some parts of the population live in dormitories pro- 
vided by their employers and take their meals at a community table. Ver}’- few 
buildings have running water, and even so the supply is usually turned off for 
the greater part of the day. For the majority of the population, drinking and 
wasliing water has to be fetched in buckets from the river or from pumps at 
scattered points in the city. The form of toilet generally used is an earthenware 
jar, the contents of which are emptied daily into buckets, carried through the 
streets to the river where they are emptied into boats for transportation outside 
the city to be used for soil fertilization. There is no adequate garbage disposal 
and rats and flies flourish unchecked. Summers are hot and humid. In winter, 
which is damp and cold, rooms are entirely unheated except for those who can 
afford a charcoal brazier. Transportation facilities consist in rickshaws and a 
limited number of overcrowded buses. Travelling— the city, being built on two 

’ Since September, 1941, Tuberculosis Consultant to the Chinese Red Cross, under the 
auspices of the American Bureau for Medical Aid to China. 
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sides of a ridge, is full of steep gradients — is quite strenuous and becomes an 
mportant consideration in ambulatory treatment. The most serious problem, 
however, is nutrition. One might almost saj'- that malnutrition is the rule, 
except for the well-fed few, and is obviously the leading cause for the high inci- 
dence of tuberculosis in Chungldng and other cities in Cliina. Beans and rice 
are the main diet of a large part of the population. Because of inflationarj'^ costs, 
many people scarcely ever eat meat, eggs, fats or fish. Finallj’’, lack of education, 
large numbers of the -population being unable to read or write, and particularly 
lack of health education, vdth indiscriminate spitting, present serious problems. 

THE CLINIC 

The Tuberculosis Clinic of the Chinese Red Cross Society, located in the heart 
of the city, is the onl 3 ’^ clinic of its kind in Chungking. A similar cUnic, operated 
by the National Institute of Health, is situated 17 kilometers outside Chungking 
and is inaccessible because of the lack of transportation facilities. 

The clinic opened on June 13, 1944. With the assistance of a full-time gradu- 
ate nurse, the VTiter took liistories, prescribed treatment and performed all 
pneumothorax treatments. All fluoroscopic examinations were done by the 
VTiter and sputum examinations were made bj’’ a laboratory technician. The 
clinic was open five days a week from 8 a.m. to 12 : 30 p.m. and 2 p.m. to 4 p.m. In 
January, 1945, a physician, who had been trained bj’’ the vniter for a three- 
month period in 1943 to do pneumothorax work, came to help and has since 
done all refills and alternate initials. 

Since there were no X-ray films available, diagnosis had bj’' necessit 3 '’ to be 
made on fluoroscopic findings. For fluoroscopy, a small slow screen, 8" x 10'', 
held in the hands, and a portable X-ray machine are used. The VTiter fluoro- 
scoped all patients until last fall, since which time a good technician, vdth an 
amazing acuity for detecting small lesions but vdth no medical training necessary 
for diagnosis, fluoroscopes all new patients and refers for reexamination by the 
writer only positive or suspected cases. The fluoroscope runs on city current 
which is shut off four to five da 3 ’-s a week in the section of Chungking in which 
the clinic is located. Rarely a patient is fluoroscoped the first time he comes to 
the clinic, more often he must obtain a reservation for fluoroscopy a week to ten 
days later. Interruption of the current is not according to any schedule and 
quite impredictable, so that after repeated visits on nonemrent days many 
patients get discouraged and never return for fluoroscopy. 

Following fluoroscopic examination, patients are told the natm-e of their dis- 
ease and provided vdth instruction sheets regarding simple measures of hygiene. 
Patients who cannot read are given basic verbal instructions by the nurse. In 
general, it is most important that the patient be immediate^ given definite 
information concerning his disease. Because of a lack of education the patient 
does not understand that his condition may be active or inactive or possibl 3 '' 
nontuberculous, so that, unless he obtains positive information, there is a good 
chance that he will be lost track of and ignore his disease or go to a private 
doctor who will generally prescribe intravenous calcium preparations at exor- 
bitant prices and expensive nonspecific drugs. Patients with frankly active 
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and cavitary disease arc no problem and, if there is the slightest possibility that 
pneumothorax can be done, that treatment is suggested, lo help the patient 
undei-stand the purpose of pneumothorax treatment, he is shown a large chart 
with schematic representations of cavitation, before, during and after pneumo- 
thorax treatment. i\Iinimal lesions are alwa3'S considered actix'C until proved 
otherwise and, if the patient does not live too far, a minimum of three sputum 
examinations is required. Smears onl.v arc done, the clinic laboratory being 
unable to do concentrates. Gastric lavages are not done since there are no 
facilities. Repeated fluoroscopic examinations at four- to six-week intervals 
are the usual method bj' which activitj’' can be determined, but in manj’’ instances 
patients put off coming back for check-up for several months. 

Tlie work done in the clinic for the j'car is listed as follows: 


Number of clinic sessions 241 

Patients seen for the first time 4,796 

Patients returning for check-up etc 2,962 

Pneumothorax treated patients ; 2,597 

Total patients 10,355 

Total fluoroscopies (o.xclusivc of technician’s) 7,31S 

Total pneumothorax inductions 269 

Total number sputum examinations SIS 

Total number first-visit patients fluoroscoped 4,0S1 

Total number of patients positive for tuberculosis 1,045 (40.3 per cent) 

Extent of disease in positive patients (1,645) 

Minimal 723 (43.9 per cent) 

Moderately advanced 54S (33.3 per cent) 

Far advanced 374 (22.7 per cent) 


1,045 ■ 


Total number male patients fluoroscoped 3,394 

Total number male patients positive 1,384 (40.7 per cent) 

Minimal 623 (46,6 per cent) 

Moderately advanced 461 (33.3 per cent) 

Far advanced 300 (20.1 per cent) 

Total number of female patients fluoroscoped 6S7 

Total number of female patients positive 261 (37.9 per cent) 

Minimal •. 100 (38. 6 per cent) 

Moderately advanced 87 (33.3 per cent) 

Far advanced 74 (28.1 per cent) 


AaiBTJI/.\TORY PNEUSIOTHORAX INDUCTION 

Rorty-two patients received pneumothorax in the clinic after induction in a 
hospital. During the clinic year, pneumothorax was induced in clinic in 259 
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patients, 10 of, whom had bilateral pneumothorax induction. There were 45 
females (17.S per cent), 2 of whom were pregnant at the time of pneumothorax 
induction, and 214 males (S2.2 per cent). The oldest patient was 43, the young- 
est 10 years of ago. The age incidence of the entire group was ns follows: 

10 to 19 18 ( C.O jjcr cent) 

20 to 29 159 (Gl.-l per cent) 

30 to 39 81 (31.3 per cent) 

•10 or more 1 (0.1 per cent) 

The occupations of these patients were as follows: 

Clerical workers 

Housewives 

Shopkeepers 

Artis.ans 

Students 

Manual laborers 

Soldiers 

Domestics 

Policemen 

Teachers 

Miscellaneous. . . 

Unemployed 

In 12G patients (dO.O per cent) the original disease at the time of pneumothorax 
induction was bilateral. In these patients the worse side was always treated 
first and, failing to find a space, contralateral pneumothorax was attempted 
wtli the hope of eventual thoracoplastj’ on the worse side. There were 10 
bilateral pneumothoraces attempted, 5 of which followed failure on the worse 
side, and 5 of which were simultaneously continued. 

The indications for pneumothorax induction were: 

Cavitation 

Suspected cavitation 

Positive sputum 

Hemorrhage 

Progression 

Spontaneous pneumothorax 

METHOD OF AMBULATORY IKDUCTION 

Patients for ambulatory initial induction are required to appear for treatment 
on three successive daj'^s. Interruption of work is not necessary but when pos- 
sible a week’s leave of absence is suggested. There is no preliminary sedation 
unless cough is intractable and, then, dionin 0.01 g. is given. A Davidson 
pneumothorax apparatus is used. The patient is told not to move, cough or 
speak. With the patient Ijdng on his side, a small pillow placed under the un- 
affected side, the anterolateral chest wall is painted witli iodine. The operator 
wears no gloves. Generally the fifth intercostal space in the anterior a:dllary 
line is the site selected. After superficial anesthesia with 2 per cent novocain, 


193 (74.5 per cent) 
14 ( 5.5 per cent) 
30 (11.5 per cent) 
13 ( 5.1 per cent) 
S ( 3.1 per cent) 
1 ( 0.3 per cent) 
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an iS-gaiige needle with a long, sharp bevel is used to penetrate the skin and 
superficial tissues. Then a 2-inch length IS-gauge needle with a short bevel is . 
attached to a 2 cc. syringe filled with novocain and slowly inserted into the chest 
wall. (The fact that the needle is not entirely blunt permits easy penetration 
of tJic subcutaneous tissues and fascia, no force being required, and there is not 
the sudden, uncontrolled penetration that usually occurs with a blunt needle with- 
out a bevel.) The penetration is slow and with a little experience it is generally 
possible to tell wlien the parietal ificura has been reached by the feeling of a slight 
give and pressure on the plunger of the syringe will permit a free flow of novocain 
into the pleural space. A reading is taken, after removing the syringe and imme- 
diately covering the open needle with the index fingei-. Free readings, negative 
on both inspiration and expiration, are required and then air is given. The 
first time 300 cc. of air are given with readings taken at 100 cc. intervals. In 
cases ^^■ith hemorrhage, 500 to SOO cc. are given at the first induction. If, how- 
ever, at any time during the penetration of the chest, blood is aspirated into the 
sjTringe or the patient coughs, tlie needle is withdrawn and another attempt 
made the next day. After all initial attempts, the patient rests on the table for 
ten minutes witli the pillow placed under the head. For control of cough and 
pain, tlie patient is given a tlnec days’ supplj' of dionin. The second and thu-d 
inductions are performed on subsequent days, giving GOO and 800 cc., respec- 
tively, unless d3^spnea or poor readings nith smaller amounts of air contra- 
indicate these procedures. At first, in patients in whom no free pleural space 
was found on the first two attempted inductions (in the midaxillary line in the 
fifth intercostal space for the second attempt), a third attempt was made in the 
posterior axillarj'- line in the same interspace, but the few cases in which a space 
was obtained and the ineffectiveness of the space (either pocket or contraselec- 
tive pneumothorax) led to the abandoning of the third attempt. After the 
third successful administration of air or the second faOure, the patient is fluoro- 
scoped, or, if there is no current, fluoroscoped as soon as possible afterward. 

AMBUIATORY REFILLS 

Since there is no hospital to which patients receiving pneumothorax may go 
when accidents, such as traumatic pneumothorax, occur, special care is taken in 
giving refills and, although the method is slower, the initial technique is con- 
tinued, omitting the rest period. While, in principle, ambulatory refills are 
conducted the same as those done on bed-rest patients, larger refills are required, 
usuallj’' 800 to 1,000 cc. at weekly intervals for the first month. Since the 
patients are pursuing their normal activities a large amount of an- is used up and 
besides it is asking the impossible to expect patients to come twice a week under 
the transportation difficulties of Chungking. At all times negative readings are 
maintained. Pneumothoraces with contraselective collapse are quickly aban- 
doned after a trial period, mth fiuoroscopj'’ both before and after refills. Fluor- 
oscopies can only be done for every third refill because of the current shortage. 
Supplementary food, consisting of bean mUk pow'der, maltose and eggs, is given 
all pneumothorax patients. This is made possible by a bimonthlj'^ grant from 
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the British United Aid to Cliina Fund. For a short period vitamin A and D 
capsules provided through the same Fund were supplied to these patients. The 
Fund also makes possible the large quantities of dionin and codeine necessar}’’ 
for all patients. 


RESULTS OF AMBULATORY INDUCTIONS 

In general, the initial period is tolerated well. Pain is the most common com- 
plaint, usuallj’- occurring a few hours after induction. Only one patient (583 74) 
had severe pain immediately after induction. She was observed in clinic for 
one hour afterward and given dionin. There was no dyspnea. The author’s 
experience vdth Chinese patients does not lead her to share the common belief 
that the Cliinese are a peculiarly stoical and phlegmatic race, so that, in her 
opinion, the mildness of the reactions after initial induction cannot be attributed 
to an exceptionally high threshold to pain among the Chinese. 

There were no knovm induction fatalities. Only one patient (31383) had 
syncope when getting off the table. Further questioning revealed that the 
patient had been imable to eat for several weeks because of epigastric discomfort. 
No cases displayed neurological phenomena. 

In 5 patients there developed known traumatic pneumothoraces. Two pa- 
tients (29665 and 39755) had been given no air because of unsatisfactory initial 
readings. When seen the foUovdng da}’-, pain and dyspnea were complained of 
and fluoroscopy showed a small marginal collapse in both instances. Three 
patients (53661, 58265 and 62469) obviously had dyspnea when seen the ne.xt 
day and all showed about 50 per cent collapse on fluoroscopy and required 
deflation. The subsequent course in each of these patients has been uneventful. 
Subcutaneous emphysema occurred so infrequently and to such a slight degree 
as to be insignificant. 

Pneumothorax space was obtained in 202 (69.2 per cent) inductions. In 17 
patients the results are unknovm because of failure to return either to continue 
treatment or for fluoroscopy after the third initial. Failure to return is in some 
instances due to misunderstanding, in others because of pain. All patients are 
warned of the possibility of dyspnea occurring after they return home and are 
instructed to return for deflation if dyspnea should occur. Results cannot, of 
course, be evaluated. But it may be mentioned that, on the basis of fluoroscopic 
findings •\A'ithin two weeks after induction, 94 patients had what appeared to 
be a therapeutically promising pneumothorax. 

CONCLUSIONS 

Ambulatory pneumothorax inductions and refills are by no means an ideal 
treatment, but there is obviously a great need for the method under the present 
conditions in China, now and for the reconstruction years to follow until ade- 
quate hospital facihties can be promded. There is no reason why the technical 
results of pneumothorax induced in clinic should differ from those done under a 
sanatorium regimen. Of course, the final results in this series cannot be judged, 
since the duration of the period of observation is too short, but among patients 
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in tlxis series there have been several cavity closures and many patients have 
sliown BjTnptomatic improvement, all of wliich is most encouraging. Pneu- 
monolyscs could not be performed because of lack of equipment. 

Hiere have been patients in the series who have done badly, with progression, 
contralateral spread and profound toxemia, but that is not the fault of the method 
alone; some patients do badly under the best of conditions. 

Transitory fluids do not seem to occur with greater frequency than in patients 
in sanatoria. Thus far only 5 patients of the scries have shomi fluid accom- 
panied by constitutional sjTuptoms, especially fever. Tliree of these patients 
had sterile, serous fluid on diagnostic aspiration. Two had empyema; one of 
these cleared up on clinic treatment alone with complete ree.xpansion of the lung 
in three months. The second cmpj'cma patient was sent to a general hospital 
because he had no facilities for bed-care at his dormitorj'. He died suddenly 
three weeks after the onset of the empyema. Tlie smears of the first empyema 
patient were repeatedly negative for tubercle bacilli and pyogenic organisms, 
while the pus in the second patient showed StaphyhcoccKS aureus. 

SUMAURY 

1. Because of lack of hospital facilities and poor general conditions in Chung- 
king, ambulatory pneumothorax, including inductions, was attempted during 
the j'ear beginning June 13, 1944. 

2. There were 2C9 ambulator}’- inductions in 259 patients. 

3. The patients selected and the method of induction are described. 

4. There were no accidents in tlie series. 

5. The results are encouraging and warrant further trial in cities where condi- 
tions similar to those in Chungking exist. 

SUSEVRIO 

1. Debido a la falta de hospitales y malas condiciones generates en Chung- 
king, se inicid el neumotdrax en forma ambulante durante el ano que comenzd 
en junio 13, 1944. 

2. A 259 enfermos se les liicieron 269 tratamientos ambulantes. 

3. Describense la seleccidn do los enfermos y la tdcnica utilizada. 

4. No bubo accidentes en la serie. 

5. El resultado es alentador y justifica otros ensayos en poblaciones en condi- 
ciones semejantes a las que e.xisten en Chungking. 



PHOTOROENTGENOGRAPHIC RESULTS ^ 

A Comparison of the 4x5" and the 70 mm. Equipment in 1,713 Cases 
FREDERICK TICE 

While fully aware of the value of the routine case-finding methods, it has 
always seemed to us that X-raj’- examination of large, extraclinical groups in 
economically substandard areas represented the ultimate objective. The 
mortality figures pointed the way and a study of our tuberculosis spot maps 
for the Chicago area confiimed stiU further our conviction that mass X-raying 
of the decadent neighborhoods, supplemented vdth the essential follow-up 
studies, constituted a sine qua non in a metropolitan tuberculosis program. On 
the maps, fashioned by the interwoven and mutually provocative influences of 
congestion, poor housing, racial trends and lowered economic status, “islands” 
of tuberculosis mortality and morbidity stood outlined with almost geographic 
clarity, islands unfortunately, as might be expected, most difficult of access 
through any medium at our disposal. 

Notwithstanding the fact that our clinics were located, designedly, in the 
areas of high mortality, the total response to routine clinic procedure proved 
inadequate in the face of the extent and urgency of the problem. Despite 
propaganda, vigorous contact examinations, foUow'-up into the homes, it was 
felt that w'e had no real anchorage in the “red-pin archipelago” and, as a con- 
sequence, the majority of the cases, as reported in the clinics, continued in the 
moderately and far advanced brackets wffien first seen. The reefs of passivity, 
ignorance, deplorable living and subhuman hygiene hindered any attempt at 
sustained health traffic. In short, despite our best efforts, including exhibits, 
institutes, drives and extensive refresher courses for the neighborhood physicians, 
we saw^ only symptoms and symptoms in the “islands” almost invariably meant 
pronounced disease. 

The pronounced disease, the futility of our attempts to stiike at early tubercu- 
losis in the socially and economically submerged areas worried and exercised 
us. The archipelago of red pins became a hete noire. Epidemiological consider- 
ations demanded that the residents of the areas in question be examined en 
masse. Since, however, the residents, indifferent to epidemiology, could not 
be induced to come to the clinic, the only alternative left dictated that the 
clinic, in one form or another, should go to them. We tried and failed and 
tried again. Block-by-block drives, survey from door to door, includiag physical 
examination in the home, having proved ineffective, we finall}’" came to the con- 
clusion that mass roentgenological examination. X-ray on wheels that took the 
survey to the doorstep, seemed the only solution. 

In the pre-photoroentgenographic era, however. X-ray on wheels projected 
against the cost of the 14 x 17" film seemed an illusory objective. Nevertheless 

1 From the Municipal Tuberculosis Sanitarium, Chicago, Rlinois. 
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and in view of the basic values at issue, we undertook the attempt. With the 
generous, even enthusiastic assistance of the Tuberculosis Institute of Chicago 
and Cook County (a branch of the National Tuberculosis Association) a self- 
contained, completely equipped, mobile unit, mounted on a one and one-half 
ton, balloon-tired truck with van body, was designed and constructed. The 
unit, the first of its kind in the X-ray field, still in use though limping toward 
obsolescence, included three dressing rooms, a dark room, lead-lined cabinets 
for storage, four heaters, a ventilating fan and a 200-foot cable for the power con- 
nection. 

At the start, and in fact throughout most of our early work, in an attempt to 
dilute the film expenditures toward some degree of compatibility with the budget, 
we used the tuberculin screen, an experiment handicapped by an unduly high 
reactor incidence in the districts under survey and not too profitable as a whole. 
Deviating, per necessiiatem, from our primary objective we oriented our case- 
finding toward the high schools, colleges and small employee groups, kept 
the mobile X-ray unit in more or less continuous service, with the result that, 
during the years 1937, 1938 and 1939, 167,345 persons were tuberculin tested 
and 23,532 reactors X-rayed. 

Though the campaign, on the whole, hardly justified the expenditures, never- 
theless we persisted in our ambulatory X-ray experiments, hoping meanwhile 
that some new medium or technique would bring mass community X-ray survey 
within the domain of economic possibility. With the advent of photoroentgenog- 
raphy and its amazingly fast development, the hope was soon realized. Made 
cognizant of DeAbreu’s experience through some of his earlier articles in foreign 
journals, ■we followed his work in Rio de Janeiro and watched very closely the 
development of the miniature film in this country. To this end we sent repre- 
sentatives to canvass the possibilities, discussed his pioneering ejq)eriences with 
Lindberg and a little later found ourselves extremely interested in Potter’s 
collaboration with General Electric toward the development of the 4 x 5" film, 
an epochal, revolutionary effort to which the clinics of the Municipal Tubercu- 
losis Sanitarium contributed, as test material, some scores of patients represent- 
ing different pathological types and varying physiques. 

Convinced by personal observation that the 4 x 5" photoroentgenographic 
unit, as we saw it in its day-to-day development, represented from the view- 
points of economy and efficiency the answer to our need, we contracted for this 
equipment in January, 1940. Detroit, we believe, got the first unit produced, 
our institution the second or third. Some months later, encouraged by our 
immediate survey results, eager for fresh pastures and results still better, we 
ordered a second unit, the 35 mm. apparatus. We found, however, that en- 
thusiasm had outpaced the realities. Due to budgetary and personnel con- 
siderations, and even with the help of the Institute, we found we could operate 
only one unit at full efficiency. After a period, therefore, in which we used both 
units simultaneously and alternately, we summarized our experience and gave 
preference to the 4 x 6” equipment. Since early 1940, working mainly with the 



456 


PREDERICK TICE 


4 X 5" unit, using the 35 mm., paper film and fluoroscopy for comparative study, 
the mobile X-ray division of the Sanitarium has photoroentgenographed 202,552 
persons, with a total net gain of 5,596 new cases found. 

RELATIVE VALUES OF THE VARIOUS JIETHOns 

As in the course of the work we have had experience with the 14 x 17", 4 x 5", 
35 mm., paper film and fluoroscopy, the question naturally arises as to our 
concept of relative values. By way of broad preface we might state that all 
of the procedures have a place, that any one of them is immeasurably superior 
to the routine case-finding methods accepted as standard even as late as a decade 
ago. In general, however, we agree with Dunham, Potter, Christie, DeLorimier 
and others that, from the point of view of adaptability, diagnostic trust and 
eflSciency, the stereoscopic 4 x 5" film is the best method developed for mass 
survey. 

In a paper of this scope it is impractical to embark on a graded evaluation of 
aU the measures. Those interested in more specific details are referred to De- 
Lorimier’s exhaustive article ilfass Roentgenography of Chest, in the April, 1942 
issue of Radiology. In a very interesting tabulation DeLorimier places the 4 x 5" 
stereoscopic film first for mass study, second for individual case observation. 
His table, as he grades the different methods, brings out very clearly the dis- 
tinctive radiological attitudes as between individual and mass film studies and 
emphasizes the opinion of many workers that restriction of the field of the image 
and condensation of detail are advantageous for rapid and continuous interpre- 
tation in volume. 

With one element in DeLorhnier’s “Mass Study Column,” the position of the 
35 mm. stereoscopic film as second, we are inclined to disagree. From the first 
we had felt that the 35 mm. image was too small. The elimination of the film 
perforations, which seemed an imminent and necessary innovation, would, we 
hoped, make for better and more exact interpretation. The perforations were 
eliminated in due course but the resultant increase in image size proved, in our 
opinion, too slight to dilute the intense overconcentration which still responded 
to magnification with some degree of distortion and an excess of grain. Not- 
withstanding this primary disappointment we stUl felt roll film, in the interests 
of speed and expediency, held distinct possibilities in mass X-ray survey. As 
early as 1941 we approached two of the equipment houses on the matter, ex- 
pressed our belief that a roll film intermediate in size between 35 mm. and the 
4 X 5" would meet certain survey requirements. 

Though somewhat discouraged by the lack of immediate response, we had 
kept this thought in mind, felt it thrive and stir in the light of experience and, 
w’hen a strip of 70 mm. film came to our attention some weeks back, v/e were 
immediately and fundamentally interested. The contrast and detail in the 
specimen images looked so promising both to the naked eye and through the 
viewer that we were at once intrigued vdth the idea of making a comparative 
study of the 4 x 5" and the new film. After considerable preliminary' ground- 
work the arrangements were made, the mechanism set up for the photoroent- 
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genograpMc examination of 1,713 employees of an industrial plant with both 
tj’pes of equipment. 


PBOCEDEBE 

With identical techmque, the same kilovolt peaks, same milliamperage, 
same target-to-screen distance, the time controlled by the Morgan timer, all 
films, as the employees were routed successively before the two photoroentgeno- 
graphic units, were taken stereoscopically. 

Regarding interpretation, the committee system was used. Needless to say, 
control reading of several thousand films, though it has its disadvantages, tends 
to explore and correct the individual trend which seems to be the inalienable 
prmlege and universal right of every one who spends his days in front of a viewer. 
In the evaluation of a new medium the correction of trend and personal equation 
seemed important, hence the committee was composed, in the present instance, 
of two interpreters vith the writer as umpire in the disputed cases and final 
readings. As the first step, all films, both 4 x 5" and 70 mm., were read sep- 
arately by the two physicians both of whom have had special training in min- 
iature interpretation. Four sets of record cards (a card for each interpretation) 
were used and the examination was so conducted that neither of the interpreters, 
at the time of interpretation, had knowledge of the other’s result. 

As tire work proceeded the statistician checked the results, held out all cards, 
either 4 x 5 " or 70 mm., on which the interpreters failed to agree, and charted 
the divergent findings on a control card designed to be used later as the basis for 
the joint and final reading. 

STATISTICIAN’S CONTROL CARD 


Name ' John Doe 

Age 53 Sex 

4x5 


X-ray No. 100 

Color White 

70 mm. 


Diagnosis Diagaosis 

X)r. A. Min. L.A. R-1 Dr. A. Negative 

Dr. B. Suspect R-1 Dr. B. Negative 

Joint Minimal R-1 Joint Negative 

14 X 17 Film: Yes x No 

Final Diagnosis y Minimal Location N-l 

Predominant pathology] Fibro-calcific 

Pleurisy 

Primary Negative 

Non-Tbo. condition Scoliosis 

Remarks : 


In the joint and final readings at which the tvriter assisted, the tliree members 
of the committee working in unison, with the complete data of each employee 
as the unit, first read the 70 mm. and 4 x 5" films successively, then correlated 
the results by individual application of the 70 mm. reading against the 4 x 5" 
reading. In every disputed case a 14 x 17" film, previously ordered, played its 
part in the final or agreed diagnosis. 
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EQUIPMENT 

For basic X-ray equipment we used two General Electric 200 milliampere machines, 
equipped respectively with the standard General Electric 4 x 5" photoroentgenographic 
attachment and the new 70 mm. apparatus (Fairchild camera, 1.5 coated lens of 4f inch 
focal length). Both macliines used the General Electric photo-timer (Morgan-Hodges 
principle). 

By way of viewing mechanism, we employed the General Electric orthostereoscope for 
the 4x5" films, for the 70 mm. films a stereoscopic magnifying viewer by the same 
company which, though still in the later experimental stages, gave excellent results 
including a depth perspective of surprising clarity. The processing was competently and 
rapidly effected by the Smith-Fairchild unit, a model consisting of a light-tight solution 
tank approximately 5" x 11" x 5", a compact arrangement which held the entire roll 
of film and developed the 400 negatives in forty-five minutes. The Fairchild-built, 
motor-driven drying imit (equipped noth a heating element) equally e-xpeditious and 
efficient, rather intrigued the technicians by drying the 100-foot roll in about twenty 
minutes. 


GENERAL IMPRESSIONS 

All films were viewed stereoscopically. As the W'ork went on the writer, sitting 
in wdth the interpreters, attempted to summarize current impressions. One 
of the readers liked both types of film almost equally w^ell but professed a mild 
preference for the 4 x 5 " (stereoscopic pair) and a slighth’- increased sense of 
security in the detection of minimal lesions. The second interpreter acknowl- 
edged a definitely greater diagnostic trust in the 4 x 5 " films and it was his 
feeling that the 70 mm. was about 75 to 80 per cent as efficient. The writer, 
after obsenmtion of long series of films, felt rather inclined to the belief that, 
from the standpoint of gross survey, there was very little choice one way or 
another. After all, the difference in actual image size is not so great, 2| x 2| 
inches as against 3? x 4f inches. Furthermore, the difference in size, such as 
it wms, seemed to the writer to be neutralized by a more precise stereoscopic 
projection on the part of the 70 mm. viewer. This impression, of course, ma}’’ 
be entirely subjective. Individual reaction to photoroentgenographic stereos- 
copy varies vdthin wide limits and the qualities of the respective images, in 
the present instance, were close enough that an observer interested in the po- 
tentialities of roll film could easily be swayed. In any event, and from the 
standpoint of conventional physical measurements, though such are b 3 '’ no 
means indicative of the degree of diagnostic trust, the 11 per cent reduction in 
resolving power noted for the 70 mm. films in comparison wdth the 4 x 5" films 
seems to corroborate the interpreters’ impression rather than the writer’s. 

ItEiSTTXil'S 

In analj’zing the results it maj’’ be simpler, perhaps, to start with the final 
readings, that is, the interpretation agreed upon bj' the three members of the 
committee after a joint study of all the films, including the 14 x 17" films. The 
detail is given in table 1. 

Consideration of table 1 reveals that, in the final re\dew, 1,653 of the 1,713 
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MscSj or 9G.5 per cent., were adjudged normal. Thirty -seven, or 2.2 per cent, 
were read as showing reinfection t.yj)c tuberculosis, a percentage considerablj” 
higher than the average of 1.0 i)er cent encountered in our industrial work and 
due, we think, to a liberal emjdoynicnt policy and a j^ressing need for help on 
the p.art of the plant in question. The i-elatively low number of minimal lesions 
and suspects is explained by the fact that, a considerable number of films originally 
classed in one or both categories were weeded out through successive consultation 
and again through the mutuall}' corrective influence of three tj^pes of film. To 
quote an instance, in the preliminarj’ re.adiugs one of the phj'sicians read 2.1 
per cent suspects for the 4 x 5" films against 2.0 per cent for the 70 mm. films, 
the other physician a higher but still muluall)' comparable ratio for both types 
of film. 


TABLE 1 


Final diagnosis 



KTUBITR 

ITRCEKT 

Minimal 

IS 

1.1 

jModeratclj* advanced 

15 

0.9 

Far advanced 

4 

0.2 

Total reinfection 

37 

2.2 

Suspects 

23 

1.3 

Normals 

1,C53 

9G.5 

Total 

1,713 

100.0 


THE COMPARATIVE STUDIES 

Before we start the discussion of the comparative analj'sis, we must stress 
again the question of trend, a scientifically distasteful subject, usualty avoided, 
yet suflficientty obvious in committee interpretive work on anj’ large scale. In 
reahty there is nothing too discouraging in the concept of trend. No two 
people, even of equal intelligence, read exactly the same significance into a long 
newspaper paragraph and no two people see an accident or scenic panorama 
exactly alike. Wiy then, if we accept a margin of subjective variation for the 
ordinary, visual phenomena, must we demand an utterly scientific objectivity 
in the interpretation of a design as intricate and illusive as the X-ray image. 

In the present study the question of individual leaning was exemplified by an 
index of agreement of 93.G per cent for the 4 x 5" film considered by itself, as 
against 94.9 for the 70 mm. film, a differential of 1.3 per cent, interesting rather 
than significant and not to be construed as a factor in favor of the 70 mm. film. 
Incidentally, and as may be supposed, the failure to agree in both instances 
centred almost entirely in the suspect and the minimal group, mostly the suspects. 
As the next step in the analysis and appljdng the 4 x 5" films against the 70 mm. 
films, the index of agreement on the first reading was figured at 89.9 per cent. 
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In other words, the total primary failure when the films were crossed against 
each other was not so very much more than the failure due to the personal 
variation when the two types of films were read separately. In the later joint 
readings the 89.9 per cent grew appreciably and the 4 x 5" and 70 mm. fibns 
agreed in 1,672, or 97.6 per cent of the cases, a disparity which is broken dovm 
as to detail in table 2. 

Considering table 2 and speaking from the point of view of a survey, the 
discrepancy in the 6 cases read diversely as minimal and suspect, even the 2 
cases read as moderately advanced on one film, suspect on another, is not im- 
portant. As all our cases, both suspect and diagnosed, are immediately followed 
up by the clinics, the suspect, for purposes of supervision, assumes equivalent 
importance and receives equally conscientious study, including sputum analysis, 
serial X-ray films, periodical physical examination. In short, more and more 
partial to the idea of the photoroentgenogram as merely a screen, somewhat 
indifferent as a result to fine interpretative shades, we fish in the stream, sort 
and weigh in the clinics. 


TABLE 2 

Failure of agreement— 4 x B" and 70 mm. films 


Read suspect 4x5" 

— negative 70 mm. 

17 

Read suspect 70 mm. 

— negative 4x5" 

14 

Read minimal 4x5" 

— ^negative 70 mm. 

2 

Read minimal 4x6" 

—suspect 70 mm. 

4 

Read suspect 4x5" 

’ —minimal 70 mm. 

2 

Read moderately advanced 4 x 5" 

—suspect 70 mm. 

1 

Read suspect 4x5" 

— ^moderately advanced 70 mm. 

1 


Disregarding, then, the discrepancy between suspect and minimal, we come 
to the really significant item in the table, the 2 minimal cases which, at first 
sight, seem to have been uncovered by the 4 x 5" and missed by the 70 mm. films. 
In the preliminary reading, both interpreters classed the cases as negative in the 
70 mm. films. On the 4 x 5" films, on the other hand, both cases were classed 
as minimal by one physician, both as suspect by the other. In the final con- 
sultative reading, however, comparing all films including the 14 x 17", one of 
the cases was classed as minimal and one negative. In other words, one minhnal 
case uncovered by the 4 x 5" film would have been lost if the 70 mm. film alone 
had been used. 


ABSTRACT OF TABDEATIONS 

The working data and detailed tabulations are much too voluminous for 
inclusion in a paper of this kind and are being arranged for publication in one of 
our Bulletins. Table 3, extremely condensed, gives some idea of the main 
elements in the comparative study. 

Considering the tabulation, of the 36 cases read as reinfection tuberculosis 
on the 4 x 5" films, 29 were read the same on the 70 mm. films, 5 as suspect and 
2 as normal. In view of what already has been said and from the standpoint of 
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a survey, the 2 cnses read ns norraal constitute the differential and this has 
already been discussed in connection with table 2. Twelve of the 32 cases classed 
as suspect on the 4 x 5" films wore so confirmed by the 70 mm. films and 17 were 
classed as normal. Of the 31 cases read as suspect on the 70 mm. films, 12 were 
so confirmed on the 4 x 5" films, 14 read as noi'mal and 5 as reinfection tuberculosis. 

Regarding the tabulation as a whole, centering attention on the suspects, the 
5 cases so classed on the 70 mm. films and diagnosed reinfection tuberculosis 
on the 4 x 5" films are not too significant from the point of view of mass work. 
The reason for tliis has already been stated. If it is to serve any purpose, 
photoroentgenograpliic survey should be supplemented with follow-up and if the 
foUow-up postulates equal primarj’- super\dsion for suspect and diagnosed cases, 
the disparity from the angle of ultimate case-finding is not important. 

Some further detail is furnished by table 4, which represents the final con- 
sultative interpretation (tliree readers) crossed against the joint 4 x 5" and 70 
mm. film readiags and controlled by the 14 x 17" films. 

TABLE 3 


4 X S'ftlms crossed against the 70 mm. films— joint reading 


nmiEiiETATiQN 4 X S* rn.51 

iNTEXPStTATioa 70 uu. mu 

TOTALS 4x5^ 
rnjf 

Reinfection 

Reinftcticn 

29 

Suspect 

5 

Normal 

2 

30 

Suspect 

3 

12 

17 

32 

Normal 

0 

14 


1,045 

Total 70 mm 

32 

31 


1,713 


Table 4 sustains the previous tendencies. Of the 37 cases classed as reinfection 
type tuberculosis in the final consultative reading, 35 had so been read on the 
4 X 5" films, 2 as suspects as against 31 reinfections, 5 suspects and one normal 
in the 70 ram. films. Again and from the point of view of screening, the differ- 
ential of 10.8 in diagnosed cases was unimportant as those that escaped the finer 
net of diagnosis were meshed as suspects. Furthermore, since the one case 
read as normal on the 70 mm. film, as reinfection on the other film, was finally 
classified minimal, right upper, fibro-calcific type, the loss on the part of the 70 
mm. film can hardly be called significant. 

In review and in consideration of all the tables, it would seem that, although 
the two methods are almost even as a screening mechanism, the 4 x 5" fihn, a 
shade better in gross characterization and much better in exact delineation, 
remains the finer diagnostic instrument. Based on the relative screening 
quahties, a question naturally arises. For survey purposes, is the finer instru- 
ment necessary? In view of the relative costs and the nearly equivalent efficiency 
ratings, is the 70 mm. destined to supplant the 4 x 5" film? We do not think 
so. In the first place, in terms of miniature film cost against the background 
of personnel and general survey expenses, the exposure charge is relatively in- 
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significant and tlio question of whether we have to pay one and one-quarter cents, 
three cents, or five cents ])er jirocessed exposure should not he allowed to become 
decisive in the choice of cq\upmcnt. In the accoiifl place, and due to its intrinsic 
qualities, the 70 mm. film cannot supplant the A x 5" or even .ceriously threaten 
its position. It doe.s not have to .supjdant and there is no need for threat. 

The 70 mm. film has its own place and it.s own individuality. Evorj'thing 
in its mechanical .strucriirc proclaims that it cornc.s not jus an usurper l)ut as an 


TABLE t 


Final inlrrpretation hy xchole commUtcc 


riNAt. tyxr.^r^rrtx^^nH 

4 r 5' nu/.i 

JOIST 

70 uu. riiMS 

JOIST SKAPIKC 

Kum brr 

Tfr cent 

Kumtxr 

Per cent 

Reinfection; 





.•\grcemenl 

35 

01. C 

31 

S3.3 

Changed from auspcct to reinfection 

2 

5.4 

5 

13.5 

Changed from normal to reinfection 

0 


1 

2.7 

Total 

37 

100.0 

37 

100.0 

Suspect : 

1 




Agreement 

IG 

GO.C 

17 

S3.9 

Changed from reinfection to suspect 

0 


1 

4.4 

Changed from normal to suspect 

1 7 

1 

30.4 

5 

21.7 

Total 

23 

100.0 

23 

[ 100.0 

Normal: 





Agreement 

1,C3S 

99.1 

1,G-14 

99.5 

Changed from reinfection to normal 

1 

0.1 

0 


Changed from suspect to normal 

14 

O.S 

9 

0.5 

Total 

1,G53 

100.0 

1,G53 

100.0 

Total 





Agreement 

1,6S9 

9S.6 

1,692 

9S.8 

Disagreement 

24 

1.4 

21 

1.2 

Total 

1,713 

100.0 

1,713 

100.0 


auxiliaiy, that the two photoroentgenographic modes are mutuall}’^ adaptable 
and complementary, that each rounds out the other and that both together fill 
in the outline of the mass X*ray concept. “A program big enough for the 70 
mm. film should also be able to afford the 4 .x 5" and the simultaneous use of 
both types of equipment against diverse objectives represents the ideal.” Eve- 
rything is enclosed in the objective and the choice is inherent in the aim. What 
are we w’orking toward, how fast do we have to work and how delicately? On 
the anmver depends the decision as to what type of mechanism we should use. 
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To us, as during the coui-sc of the present studj-- we have come to see it, the 
4 X 5" and the 70 mm. films represent two highly individualized processes, two 
different technical personalities, oriented toward a future in two different fields. 
The fields, of course, adjoin, even overlap and the division entirely empiric, 
tentatively outlined here, merelj’’ suggests an ideal. Short of the ideal which 
is rarel}’-, if ever, att-ained anywhere, the r61es are sufficiently elastic to stretch 
to expediency, the results of cither tj-pe of equipment in any type of survey work 
sufficiently good to be classed as acceptable against the necessities of the situa- 
tion. With these reservations in mind, using the basic differences of function 
as the guide, an attempt to outline broadl}’^ the respective sphere of usefulness 
may be justifiable. 

THE FEELn OF THE 70 MM. FILM 

The advantages and disadvantages of roll-tjqie film of the size and type in 
question define the province of the 70 mm., a province wliich though extremely 
important is nevertheless limited, with the factors that create the importance 
specifjdng the limitations. Speed against volume, vith the sacrifices that 
speed and volume demand, spell the storjL The automatism of the roll mech- 
anism, the ease, the interchangeability of loading, the simplicity, the rapid, 
uninterrupted operation, the extremely fast developing, the acceleration of 
interpretation through the winding viewer, the general accentuation of tempo 
and a screen fine enough for the purpose define the qualifications of the 70 mm. 
equipment. 

Given the qualifications, whither do they point? Toward the sphere of mas- 
sive, continuous survey if we read correctly, toward the expansive, photo- 
roentgenographic program where screening rather than diagnostic precision, 
volume rather than individual study, discovery rather than delineation are the 
prime aims. In line with the aims and influenced by the qualifications as we 
see them, we are inclined, as a result of our observations, to visualize the field 
of the 70 mm. film as (a) military screening, (b) large industrial surveys, (c) 
progressive surv^eys in metropolitan centres, (d) mental hospitals and other in- 
stitutional examination, (c) any massive, unbroken program against a constant 
objective where summaries rather than daib”- analyses, the report rather than the 
chart are the prime considerations. 

What does all this leave for the 4 x 5" fiim? On first consideration, according 
to this rather arbitrary division of ours, it would seem as if the 70 mm. film 
had the lion’s share. Such, however, is actually not the case. Though the 
volume factor of the 70 mm. film is important, the volume of the varied functions 
of the 4 X 5" film is as great or greater and the summated values even more 
important. 


THE FIELD OP THE 4 X 6" FILM 

In the 70 mm. films we sacrificed specialization for speed, in the 4 x 5" films 
we reverse the process and stress individualization. By individualization 
we mean not only a closer study of the individual film but, in addition, a much 
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more intirnn(o p;roup-rola(i()tif<liii>, an orienfafion toward more roHlrictcd piir- 
))oacs and areas wlierein, broadly speakini; anti as regards prooes-sinc; in detail, 
the day’s work siionld finish v.ith the day. 

To illiis'rato, let ns sni)pose a mtdropolitan i)ro?;raTn whieh nsc-s both types of 
('(luipinenf simnlfaneonsly. In sneh a pro^'ram, while the 70 mm. equipment 
concerns itself chiefly with laq'c industrial i)lants, the -1 .\ o" film could be used 
for plants of 200 or less, for sweatshop and lodj'inR house sun’cj’s, special grade 
examination in the schools and for periodic .survey of .sucli groups as food handlers, 
re.staurant employees, etc. Outside the met roijolit.an area.s, in restricted or semi- 
continuous programs whieh use only one unit, the i)rcfcrencc would seem to 
deviate toward the -1 x T)" equipment. For interrupted work in .small groups, 
roll-film with its dOO neg!itive.s is cumbersome and confinsing. For such state 
or county traveling units, for inst.ancc, as arc dc.signcd to offer photoroentgeno- 
grajdiic survey to lubercido.sis bodies operating in rural are.as and small towns, 
the 1 X o" film would .seem to be prefcnible. 

Tiir: u.vorrici.Mi on .\DJt;v.\NT runuc ukalth kuxctiov of tuf. 4 x 5" film 

In addition to it.s inherent meaning as a survey instrument, the 4 x 5" film, 
through its adaptability to certain allied activities that interdigitate with the 
preventive program, .shows promise of continiicd and accre-scent influence as 
a imblic health catalyst. In this connection one thinks particularly of the 
4 X 5" equipment as the medium for the admi.ssion X-ray films in general hos- 
l)itals, for the preplaccinent ox.nminations in industrial plants, for the “gradua- 
tion chest film” udiich, sooner or l.ator, will accompany cverj' grammar school 
graduate into high school, every high school gmduatc into college or industry'. 
This and the many similar developments inextricably bound up in the photo- 
roentgenographic lineaments of the coming iiublic health picture inc\dtably 
bring us to the future. What of to-morrow? 

FUUTIIKU DF.VELOr.MENTS 

What docs the future hold for photoroentgcnogi-aphy, not for this type or that, 
but for the mode as a whole? Unprecedented growth according to the indication; 
expansion to the full, to the limit of the mechanical possibilities and the perimeter 
of the tuberculosis problem; an expansion therefore necessarily rather revolu- 
tionary, total surveys in every metropolitan centre, photoroentgcnographic 
units in every municipality, federal units, state units, county units, the gj'psj’ 
X-ray van for rural areas, the X-raj' river boat for the bayou country; hand in 
hand with all this and as its logical derivative, the concomitant advance in the 
legislative pattern, mandatory hospitalization, the photoroentgenogram pinned 
to the barber’s license, the student’s diploma, the teacher’s certificate and, last 
but not least, the “Constable Carr 3 ’'-aU” for compulsory total survey of slum 
areas with steep tuberculosis mortality ! 

Hitlerian! Not at all! Obligatorj-- photoroentgenography aligned to the 
necessities, as a measure of social protection against ascertained risks, lies well 
vdthin'lthe framework of a democracy conscious of itself, aware of its purposes 
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and awake to its responsibilities. Totalilnrianism, Fascism, tyranny! Where? 
How? The screen is certainly less obnoxious tlian vaccination, definitely less 
painful than income tax and the most conscientious of conscientious objectors 
can hardly allege that the momentary fluorescence is, in any way, conducive 
to the "hlarch melancholics,” the anxiety neurosis, the sense of depletion or 
the fear of a sore arm. 

All verj”^ fine but will the public accept it? Definitely! The overwhelming 
psychological response, the swift and generalized acceptance indicate to those 
in the work that the public has come not only to expect but to demand that the 
health and welfare guarantees implicit in photoroentgenography be exploited 
to the full. Violence the demand? Is it spontaneous, chance-birthed, a mush- 
room growtlr in a casual dew? By no means! Based on sound publicity prin- 
ciples, it was planned that way. Photoroentgenography represents the long- 
sought pearl in the crown of propaganda and the National Association, the U. S. 
Public Health Sernce and, within their limitations, such institutions as ours 
have turned on all the lights in the show-case. 

The results! As photoroentgenography energizes propaganda and prop- 
aganda engenders demand, in Chicago, and doubtless to a similar degree else- 
where, the available mobile facilities are booked ten months ahead. The way 
it looks and in view of the equipment at our disposal, we overlit the show-case. 

THERAPT 

Possiblj' all of us, to some extent at least, will agree to the evolution of the 
legislative and public health patterns as mass X-raying is projected against its 
possibilities. Is the massive case-finding inherent in the future of photoroent- 
genography destined to influence our present standards of treatment? Several 
of the WTiter’s colleagues tliink so. In their opinion, the insistent cry for beds, 
beds, more beds, will echo against the growing hills of case-finding, fall back in 
the lap of the economic realities, as a plea for a combined sanatorium-clinic 
home-care plan, including BCG, extramural pneumothorax (bed-side as neces- 
sary), close home supervision, basic nursing service, pay-as-you-go or partially 
subsidized group homes for infectious workers, cases of benignant isolation 
such as advocated bj'- this institution twenty years ago, such as at present op- 
erated as "night-sanatoria” in Russia. 

THE FUTURE IN TERMS OP TECHNOLOGICAL ADVANCE 

Finally, as to the thing itself, the genius of the lamp, the dcus ex macUna! 
The teclmology of photoroentgenography, what further does that have to offer? 
Much! The radiologist and the physical scientist who have given, will continue 
to give. While there is no doubt about the gift, the manner of giving must, for 
the present at least, remain problematic. As to the form and size of the film, 
and the purely operative mechanism, the 4 x 5" and the 70 mm. film, each 
adequately representative in its field, will probably remain substantially as they 
are. The advances as they materialize vill come in lens, screen, camera struc- 
ture, photographic chemistry, truck design and fluoroscopy. 
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In fluoroscopj', particular^", the one survey element that has lagged, the one 
medium accessible to the private ph 3 "sician, advances of moment may be ex- 
pected. Let us hope that the expectations arc realized. To-day, the ph 3 'sician 
in general practice has no place in the survey picture and -without his active 
participation no program is complete. To bring him in, to gain his participation 
inside the wide circle of survey activities, the public health man again calls on 
the scientist, this time for fluorescent amplification, a brighter screen, a wash-out 
of "dark adaptation,” a cheaper instrument, safet 3 ’-, a problem perhaps more 
intricate than an 3 " the scientists have surmounted, 3 "et doubtless -uith an answer. 
Will the 3 ’- answer it? 

In thinking along these lines, Hilleboe inslifulb" runs the scale of the possibil- 
ities, the inconoscopc, the Langmuir image tube, the multipactor tube, and 
suggests, in his conclusion, that the evasive fluorescent amplification, the -Rill 
o’ the wisp of the radiologist, ma 3 ’- soon become a realit 3 ’-. We hope and we 
believe. We cannot help ourselves. Since DeAbreu we have -witnessed and 
wondered. Enthralled b 3 ’’ the magic of the men of science we look from the 
photoroentgenographic images to the "conjure” hat and back again, speculate 
“what next,” sink present, past and future into a common -wishing well and 
expect endlessl 3 ’-. It’s ever thus. Those who have seen the miracle are con- 
firmed forever in the faith, and if the incredible procession of events has p 5 T- 
amided optimism to the clouds and tinted enthusiasm -with credulti 3 ", are we to 
blame? 


smuiART 

Using identical technique and the Morgan timer, 1,713 industrial employees 
were subjected to photofluorographic examination by both the 4 x 5" and the 
70 mm. types of apparatus. All films were taken stereoscopicaU 3 ". For in- 
terpretation the committee plan was used. For -viewing, the General Electric 
orthostereoscope was emplo 3 "ed in the case of the 4 x 5” film; for the 70 mm. 
film a new stereoscopic magnif 3 'ing viewer gave excellent results. 

Of the 1,713 cases, 37, or 2.2 per cent, were classed as reinfection t 3 "pe tuber- 
culosis on the final joint readings. In the early readings, before both t3T3es of 
films were crossed against each other for the final diagnosis, 36 cases had been 
classed as reinfection tuberculosis b 3 ’- the 4 x 5", 32 b 3 '- the 70 mm. films. Five 
cases classed as “suspect” bi" the 70 mm. films were read as minimal on the 
4 X 5” films. As all cases, both suspects and minimal, are taken under imme- 
diate observation by the clinics, the disparity between the minimal and suspect 
cases is not significant from the point of ^dew of screening. 

In the final results, one case diagnosed as minimal by the 4 x 5" was missed 
by the 70 mm. film. As a result of the examinations we concluded that, while 
the 4 X 5 " film remains the finer diagnostic instrument, the two photofluoro- 
graphic modes are practicall 3 " equivalent for screening purposes. For rapid and 
continuous mass survey, the 70 mm. film seems preferable. For smaller and more 
compact studies, the 4 x 5" film seems to be the method of choice. 
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StTMAUIO 

A 1,713 empleados industriales se les hvderon exdmenes fotorroentgenogrd- 
ficos con los aparatos de 10 x 12.5 cm y dc 70 mm, iitilizando una tdcnica iddn- 
tica y cl crondmetro de Morgan. Todas las peUculas se obtuvieron roentgeno- 
scdpicameirte, utilizando para interpretacidn cl plan de la comisidn. Para 
estudio se empled el ortoestereoscopio de la General Electric en las de 10 x 12.5 
cm y en las de 70 mm did magnifico resultado un nuevo estereoscopio de aumento. 

De los 1,713 casos, 37 (2.2%) fueron clasificados como de tuberculosis tipo 
reinfeccidn en las lecturas combinadas definitvvas. En las primeras lecturas 
antes de comparar ambos tipos de peUculas para el diagndstico definitivo, 36 
casos liabian sido clasificados como de reinfeccidn con las peUculas de 10 x 12.5 
cm y 32 con las de 70 mm. Cinco casos clasificados como “sospechosos” con las 
de 70 mm fueron considerados como mlnimos con las de 10 x 12.5 cm. Como 
todos los casos, tanto sospecbosos como mlnimos, son objeto de observmcidn 
inmediata por los cUnicos, la discrepancia entre los casos minimos y sospechosos 
no tiene importancia desde el pimto de %dsta del despistaje. 

En los resultados definitives un caso diagnosticado como minimo con las peU- 
culas de 10 X 12.5 cm pasd desapercibido con las de 70 mm. Como consecuencia 
de estos exdmenes dedujose que aimque el aparato de 10 x 12.5 cm continda 
siendo el mds deUcado para el diagndstico las dos tdcnicas fotorroentgenogrd- 
ficas vienen a ser equivalentes para fines de despistaje. Para encuestas colec- 
tivas rdpidas y continuas el de 70 mm, parece preferible, mientras que para estu- 
dios mds pequenos y compactos el aparato de eleccidn parece ser el de 
10 X 12.5 cm. 
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CUTANEOUS REINFECTION IN PULMONARY TUBERCULOSIS i 
C. FLOYD, H. A. NOVACK and C. G. PAGE 

In Koch's (1) tenth series of experiments, follo\ving liis discovery of the tubercle 
bacillus, the first recorded group of reinfections was described. For two months 
he fed rats exclusively on bodies of tuberculous animals and followed this with 
intraabdominal inoculations of cultures obtained from an ape. In later experi- 
ments he proved the marked difference in reaction to intracutaneous inoculations 
of viable tubercle bacilli in tuberculous and nontuberculous am’mals. 

Trudeau (2) found that, when animals were inoculated with virulent tubercle 
bacilli, those that had previously been vaccinated with tubercle bacilli had their 
lives prolonged as compared mth animals that were unvaccinated, the infecting 
dose being uniform. 

Nichols (3) continued along similar lines stud 3 dng the histological differences 
in Belgian hares, some vaccinated and others not; the superimposed infection 
consisting of an intravenous inoculation of .0001 g. of a broth culture of Rl. 
The early response of the lungs at autopsy in the vaccinated group was that of 
marked pulmonary congestion, speclding with large and small hemorrhagic spots 
and numbers of minute, translucent tubercles plainly ^dsible to the naked eye. 
At the end of thirty days, the lungs were practically free of tubercle bacilli and 
the parenchymal abnormalities wore much less in evidence. 

In the controls, on the other hand, there was little to denote pulmonary path- 
ological changes up until a lapse of two and one-half weeks. At tliis time tu- 
bercles Averc readily apparent and developed rapidly, undergoing fragmentation 
and caseation, with numerous bacilli at their centres and fibrous tissue beginning 
to form about their periphery. 

In a series of observations on tuberculous superinfections in rabbits, Schwa- 
bacher and Wilson (4) failed to produce, in the lungs, progressive pulmonary dis- 
ease Avith virulent bacilli. Failure in this regard aa^s also obtained in other 
animals. These negative results lead to the conclusion that reinfection or super- 
infections, experimentally produced in laboratory animals, could throAV little 
light on the pathogenesis of tuberculosis in man. 

ICrause and Willis (5) in their experimental studies on reinfection tuberculosis 
haA'e shoAA'n that repeated infections AA’ill produce Aoolent acute reactions at first, 
but soon become chronic and have little tendency to spread; primary infections 
by similar doses progress leisurely but irresistibly to a progressive form of the 
disease. 

‘'^^fillis (6) noted the marked retardation of the spread of tubercle bacilli in- 
oculated into the skin of guinea pigs made allergic or immune by prcAnous in- 
fection AA-ith tubercle bacilli. The immune or already infected animal appeared 
to fix the bacilli at the point of introduction for at least four or five days, pre- 
A'cnting Avidc-spread dissemination by means of the rapid inflammatory processes 

> This study wns sponsored by tlic Boston Tuberculosis Association. 
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of the allergic reaction. In the normal animal bacilli can be found 4 to 6 cm. 
distant from the point of inoculation in twenty-four hours, whereas in the immune 
animal such transit requires a little less than three weeks. 

Lurie (7), in his extensive researches on mononuclear phagocytosis, has given 
a detailed account of the activities of these cells in normal animals and in those 
with reinfection tuberculosis. As is the phagocytic response to tubercle bacilli, 
so also is the response of tuberculous rabbits and guinea pigs greatly accelerated 
to nonspecific substances as well. Mononuclear cells, derived from tuberculous 
or vaccinated animals, exhibit greater phagocytic capacity in vitro for carbon 
particles, staphjdococci or tubercle bacilli than do the cells of normal animals; 
their phagocytic capacity for tubercle bacilli depends upon the virulence of the 
vaccinating or infecting bacillus. The less virulent the organism, the less phago- 
cytic the activity of the cells. In another publication, Lurie (8) has demon- 
strated the means by which bacilli of reinfection are effectively fixed at the portal 
of entry. In studying the differences in local reactions of guinea pigs and rab- 
bits, the well known fact that the more highly sensitized guinea pig shows a much 
more severe reaction to reinfection inoculation with tubercle bacilli or even to 
nonspecific substances was demonstrated to be due, at least in part, to mechan- 
ical ^fferences in the species reactions. This sensitization has been correlated 
with the degree of allergy; the greater the allergic response, the greater the re- 
action to sensitivity in the animal and the more prolonged the fixation of bacilli 
at the area of inoculation. Mechanically this is brought about by profuse exu- 
date in the guinea pig, coagulation of the exuded plasma, and mainly thrombosis 
of the adjoining lymph vessels quickly shutting off the focus of reinfection. 

Soper (9), following the ideas of Koch’s early experiments and basing his %vork 
on that done by Nichols, mentioned above, used vital staining methods in an 
attempt to study the effects upon liver tissue of reinfected rabbits. He concluded 
that the liver of a rabbit possessed a great degree of immunity to a second viru- 
lent infection with bovine tubercle bacilli, and that the course of the disease was 
practically identical nith that produced in the rabbit’s lung. The type of ceU 
concerned in the second infection reaction is the same as that concerned in the 
reaction to the primary infection, the difference being one of degree and rapidity 
of production. 

Controversial evidence has now for some time been collecting on the value of 
cutaneous tuberculosis in its modifying influence on other concomitant mani- 
festations of the disease. Much clinical work has been done on the subject of 
immunity or resistance to phtliisis as a result of accidental or deliberate involve- 
ment of the epidermis vith the tubercle bacillus. Among certain observers it 
has long been an axiom that wherever lupus was present pulmonary tuberculosis 
very rarely occurred subsequently; and where it was acquired in a case of preexist- 
ing puhnouary tuberculosis, the course of the disease was materially modified. 
Such cases have come to the attention of the writers, but they have been too few 
to warrant the drawing of any conclusions. 

In 1937 Kutschera-Aichbergen (10) cited many patients wth advancing pul- 
monary tuberculosis w^ho began to improve promptljq and did so to a marked 
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degree, soon after their sldn was infected tlierapeutically with tuberculosis. 
He distinguishes clearly between the harmless therapeutic and dangerous pro- 
phylactic use of living cultures. 

Tufts’ (11) review of the literature on this subject led him to summarize as 
follows: “It would seem that the concensus of opinion is in favor of a distinct 
relationsliip between the skin and the processes of immunity; that in allergic 
diseases, cutaneous antibody formation ma 3 ' be a menas b^- which immuniza- 
tion of the entire body is brought about. The point of controversy seems to 
center upon the question as to whether in certain allergic and infectious diseases, 
the skin can form specific antibodies.” 

In spite of the evidence that seems to point to the skin as an immunological 
organ, Michelson (12) concludes that there are no proofs of the oft repeated 
statements that cutaneous tuberculous raises the resistance of the individual to 
internal tuberculosis. 

METHODS 

It will be recalled that Koch’s early reinfection experiments were based on 
feeding infected material; Trudeau used ■\nrulent cultures. In the present work 
on reinfection tuberculosis in guinea pigs, pulmonary lesions were established b}'’ 
feeding after the method of Calmette (13). By this means parenchymal tuber- 
culosis, as is often seen clinically, is readily established and the initial infection 
of the animal body is not nearly so generalized as occurs in intravenous inocula- 
tions. 

A virulent strain of H37 was used both for ingestion and cutaneous inocula- 
tions, and frequent am'mal passage allowed no drop in its infectivit}” in producing 
ingestion tuberculosis. One cc. of a suspension of tubercle bacilli containing 
.01 mg. by weight was the infecting dose and this was repeated for five consecu- 
tive weeks. The inoculum was injected into the stomach through a No. 8 
French catheter and the tube irrigated w'hile in place wth sterile ■water. 

The amount of infecting material required to produce pulmonary disease, but 
not so severe as to destroy the animal before completion of the experiment, had 
to be worked out. 

As •SN'ill be seen subsequently, 5 weekly feedings ■w’ere at first given, but, on 
account of high mortality in these animals, 2 feedings a ■week apart were later 
used to produce marked disease of the lung and this dose did not kill too rapidly. 
This procedure was therefore finally followed in the experiment in which super- 
imposed cutaneous infection was established following ingestion tuberculosis. 

From the first, some variations in the ability of guinea pigs to absorb tubercle 
bacilli from the intestinal tract were noted. In 145 guinea pigs, all but 11 were 
readily infected. Of this latter group, 6 required 7 feedings to give a positive 
tuberculin test and, in the other 5, positive results were not obtained even after 8 
gastric ingestions. These variations from the average cannot be explained on 
the ground of increased resistance to the organism, as subsequent cutaneous 
inoculations showed no change from the average result in the control animal. 

Cutaneous disease was produced by injecting into the skin of the abdomen a 
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suspension of H37 containing .005 mg. of bacilli. This was repeated weekly 
for five weeks. TiTiere the cutaneous infection was superimposed on animals 
already fed with tubercle bacilli, the inoculations into the skin were not given 
until a positive tuberculin test had been obtained. 

The cutaneous lesions ulcerated in only 5 instances, di'ained a local abscess 
and healed in from three to five weeks. The repeated injections of the sldn of 
the abdomen gradually gave rise to involvement of the axillary and inguinal 
Ijunph nodes. Softening occurred in 17 animals. With a survival period of four 
months or more, fibrosis became more and more marked and few bacilli remained 
at autopsy. 

The excretion of ingested tubercle bacilli in the feces was observed, using the 
method advocated bj’’ Petroff, as described b}'^ Willis. Prom the excreta col- 
lected, twenty-four to forty-eight hours after feeding, ground in saturated salt 
solution and incubated three hours with an equal volume of normal sodium 
hydroxide, a few acid-fast rods were recovered. Rarely a few clumps were noted 
but in most specimens the bacilli were scattered and few in number. 

Controls: Three groups of controls were used. The first group of 15 animals 
was given cutaneous infection, and the second and third of 15 and 8 animals, 
respectivelj’-, infection by ingestion. 

The routine in producing cutaneous disease consisted of 5 weekly inoculations 
of the skin of the abdomen, each being made with .005 mg. of tubercle bacilli, the 
total amount used by weight being .025 mg. 

Of the animals so infected, 2 died of intercurrent infection and 2 of extensive 
tuberculous pneumonia at the end of two months. Three animals lived from 
four to five months and showed marked involvement of the inguinal and axillary 
nodes. Extensive disease was foimd in the lungs and spleen. The liver showed 
moderate infection in one instance and in 2 others no macroscopic lesions were 
apparent. The remaining 8 animals of this group lived on an average of seven 
and a half months follovfing the cutaneous infection. At autopsy pulmonary 
disease was extensive in 3 animals and moderately wide-spread in 5. The ex- 
tenave infection of the spleen closely followed that of the lungs, but in the liver 
none of this group showed as much disease as was found in the other organs and 
in 2 no visible lesions were apparent. 

In the second lot of controls, infection through ingestion was produced as 
previously described, namety, 5 weekly feedings of .01 mg. virulent bacilli in 
suspension, to a total by weight of .05 mg. 

A positive tuberculin test could not be obtained, even after several attempts, 
in 5 animals in spite of the mass of bacilli used, and they were discarded. Two 
died of intercurrent pneumonia. Of the remaining 8, 3 lived from two to three 
months, and at autopsy showed masave disease of the lungs, but in 2 of these, 
only a few scattered lesions occurred in liver or spleen. The remaining 5 
animals succumbed to the disease after eight months, aU of them showing ex- 
tensive disease of the lungs, liver and spleen. In all these animals fresh prep- 
arations were made at autopsy and stained for tubercle bacilli. Numerous 
masses of tubercle bacilli were uniformly found in preparations from lungs and 
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sploon. In tlic liver they were jUko easily detected except v.-here necrosis was 
extensive. Sections sfnined for acid-fast bacilli revealed many bacilli in the lungs 
and, to a somewhat lesser degree, in the spleen and liver. 

In the third control groiij) of 8 animals, 2 gastric feedings were given, totaling 
.02 mg. of bacilli. I’our animals lived from two to four months after infection 
and .all showed i)uhnonary lesions together with slight involvement of liver and 
.spleen with one exeejition where the latter was riddled with dise.asc. Tlie 
remaining A animals snccumbcd in eight to nine months of very extensive 
di.s(;asc of the lungs and spleen and moderate involvement of the liver. Fresh 
preparations made at time of .autopsy showed tubercle bacilli to be abundant 
in all the organs of 7 out of the S animals. 

In all three of the,so control groups no marked enlargement of the liver or 
spleen was found. 

CUTANKOUS INFKCTION* SUPrLnMEXTKD BY GASTRIC FEEDINGS 

Coincident with the group infection of controls, 22 animals were used in which 
cutaneous infection preceded gastric feeding with tubercle bacilli. The sjime 
procedure was repeated both in regard to the production of cutaneous and gastric 
disease, namely, 5 skin inoculations totaling .025 mg. and 5 gastric feedings to 
the amount of .05 mg. 

In wliat quantit}' fed bacilli wore absorbed from the intestinal tract is open 
to question, as we have no certain knowledge as to whether absorption was 
retarded or expedited by the pree-xisting cutaneous disease. The following results, 
however, have some bearing on the results obtained in subsequent experiments. 
Two of these animals died within two months following multiple infection. The 
total average length of life was between sLx and seven months. In 10 of 12 
animals which suvived four months or more, the liver and also the spleen diowed 
verj’’ marked enlargement. 

In tills group the lung was involved to a mild degree in 15 and marked in 7 
animals. The extent of the tuberculous involvement of liver and spleen was 
just the reverse when compared with that in the lung. In sections and in fresh 
preparations tubercle bacilli were noted more frcquentlj’- and in much larger 
numbers in the lung than in the liver. 

SUFERIMFOSED CUTANEOUS INFECTIONS 

In tlie first group of 18 animals, 5 consecutive weekly feedings W'ere given, the 
total dosage of tubercle bacilli being .05 mg. After an interval of two weeks, 
when a positive tuberculin test was obtained, a series of weekly intracutaneous 
abdominal injections was begun to the amount of .005 mg. per week. It was the 
intention to give each animal a total of 5 such inoculations, but disease previously 
induced bj’^ ingestion w'as so overwhelming that 9 died before the experiment was 
completed, G survived only 5 feedings and one cutaneous injection. At autopsj’’ 
these animals showed very extensive pulmonary disease and both liver and spleen 
contained many soft tubercles with considerable variation in size and extent. 

Tlie average length of life of those remaining, ivith 3 exceptions, was between 
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three and four months and in these the tuberculous lesions varied little from those 
described above. Two of the 3 exceptions lived four months. In them the liver 
was greatly enlarged and sections showed a noticeable eSort at repair. 

One animal survived the heai'y double infection and was killed at the end of 
twelve months. It had generalized involvement of the cervical, inguinal, 
axillary and tracheobronchial Ijraph nodes. These were all firm with fibrous 
tissue. Sections of the liver showed scattered areas between lobules of dense 
fibrous tissue with ho typical tubercles. The lung also showed areas of fibrosis, 
but no giant cells. Only in the spleen were typical tubercles found, partly or- 
ganized and containing tubercle bacilli. No bacilli could be found either in 
fresh preparations or in sections of lung or liver. 

In a second series of 53 guinea pigs, receiving 2 gastric feedings a week 
apart of .01 mg. of tubercle bacilli per week, in which a positive tuberculin test 
was obtained, cutaneous infection was produced as previously described. As 
the number of feedings was limited to 2, the burden of the disease from this source 
was not as heavy as that in the first group, and with a longer survival period the 
opportunity for study of interreaction of pulmonary and cutaneous infection was 
possible. Ten animals died before the experiment was completed. Twenty 
succumbed to the disease in from one to three months following superimposed 
infection. In these, the lungs showed wide-spread disease with very little if any 
formation of fibrous tissue in and about the tuberculous lesions. Enlargement 
of the liver began to be noticeable at about the third month, but up to this time 
the number of lesions in the spleen and liver was small. Twenty-three animals- 
lived from three to six months. In 14 of these, sections of lung showed st riking 
evidence of repair with fibrous tissue appearing in and about the pulmonary 
lesions. Almost without exception there was very marked enlargement of 
the liver, and in 6 animals the spleen attained enormous size. The extent of 
tubercle formation in both these organs was marked, quite in contrast to those- 
that lived only three months. A generalized fibrosis of many of the lymph, 
nodes was noteworthy. 

Eight animals lived from six to eight months. In all of these, macroscopic 
pulmonary lesions were few and many were dense and circumscribed. The liver 
and spleen were, with only one exception, greatly enlarged. The liver contained 
a few areas of necrosis and infection, but in the spleen these were still quite ap- 
parent. Hematoxylin and eosin stained sections from this group of animals 
that lived the longest showed a great amount of repair with fibrous tissue. In 
many fresh preparations no tubercle bacilli could be demonstrated in 8 of the 
animals surviving from four to eight months. The implication here is that, 
vuth a longer period of smvival, the organ might well have entirely cleared itself 
of the infection. 

One animal in this group of superimposed infections was sacrificed at the end 
of twelve months. It had received 4 gastric feedings and 6 intracutaneous in- 
jections. Sections of the liver showed no definite tubercles, but there were still 
a few areas of cellular infiltration in both spleen and lungs. In fresh prepara- 
tions, tubercle bacilli could only be obtained from the inguinal nodes and lung. 
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In Sopor’s work with the iiovinc organism in rabbits, the interrelationship of 
liver reaction to infection and repair of pulmonary disease was noted. Tliis has 
been equally true in guinea pigs in superimposed infection \nth (he human bacillus. 

DISCUSSION* 

Superimposed cutaneous tuberculosis in the guinea pig vith pulmonaiy* tuber- 
culosis has a distinctly modifying effect on the disease in the lung through the 
response of the liver to infection. Great enlargement, destruction of the bacillus 
and tissue repair have steadil}* progressed in the liver at the same period in the 
disease as impro%*eraent lias boon noticeable in the lung. It would appear that 
twice, even in massix'c tuberculous infection, lias arrest of the disease been 
brought about b3' the stimulation of the liver bj' superimposed infection. 

SOTtMAnV 

Ingestion tuberculosis bj’’ the method of Calmette gives rise to disseminated 
pulmonary disease in guinea pigs. 

The response of the liver to superimposed cutaneous disease and its favorable 
effect on pulmonary tuberculosis are described. 

smiAiuo 

La tuberculosis de ingestidn producida por la tdcnica de Calmette, provoca 
afeccidn pulmonar difusa en cl cobajm. 

Deserfbense aquf la respuesta del hfgado a la afeccidn cutdnea sobrepuesta 
3'' su efecto favorable sobre la tuberculosis pulmonar, 
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THE SULPHONES IN CLINICAL TUBERCULOSIS' 

PREDEKICK TICE, HENRY C. SWEANY and RICHARD DAVISON 

INTHODIJCXION 

The Momng report is a condensed analysis of the therapeutic studies in far advanced 
pulmonarj' tuberculosis of two sulphone compounds, “diasone”* and “1048.”^ Pr§- 
liimnary studies (1, 2) of the effects of these and other sulphones in animals have been 
published. 

Feldman and coworkers, of the Mayo Clinic (3 to 7), were the first to investigate the 
effects of promin in animals. Medlar and Sasano (8), Smith, Emmart and Westfall (9), 
Steenken, Heise and Wolinsliy (10), Steinbach and Duca (11), Barach, Molomut and 
Soroka (12), and Tjdler (13) continued the studies. Other sulphones, including diasone, 
and other related compounds were also studied in animals by Callomon (14). Feldman 
and associates (15) investigated promizole and found it to be less toxic than promin. The 
parent substance, diaminodiphenylsulphone, was also studied by Feldman (16), but he 
obtained less favorable results than with otlier sulphones. With few exceptions reports 
show striking results in the inhibition of the growth of tubercle bacilli either in cultures 
or in animals or in both. All this work has been rerdewed recently by Tj'tler (17). 

In the field of human tuberculosis, Hinshaw, Pfuetze and Feldman (18) treated 106 
patients with promin. They observed an improvement in a fair percentage of the patients 
and no improvement in about an equal niunber. They also noted cyanosis and other 
toxemic symptoms that required close watching. Petter and Prenzlau (19) found that 
diasone exerted a favorable influence on palaents with moderately advanced and early 
far advanced tuberculosis, although they too encoxmtered many aggravating toxemic 
effects. Faget and associates (20) used promin in leprous patients with some favorable 
results together with many toxemic manifestations. Heaf and associates (21) found 
some improvement in promin-treated tuberculous patients, whereas Willis (22) was 
doubtful of any improvement in a group of 23 treated cases. Thus, in human tuberculosis, 
the preliminary results with sulphones have not fulfilled the hopes engendered by the 
animal experiments. 

In the majority of treated patients, irrespective of the mode of administration, cyanosis 
was found to result from a hemolytic anemia. The problem has been studied extensively 

^ From the Clinical and Research Laboratories of the City of Chicago hlunicipal Tuber- 
culosis Sanitarium. 

' The present study has involved the efforts of practically the entire medical, nursing and 
laboratory personnel of the Institution. Special acknowledgments should be given to Dr. 
Karl Henrichsen for valuable aid in the clinical work; Dr. Rosalind Ivlaas for the blood 
chemistry studies; Dr. Ben C. Sher for the control analyses of the drug in blood and urine; 
to Miss Wilma Cannemeyer for the blood cytology studies and to Messrs. Don Warriner and 
Frank Giermak for the many calculations. 

= “Diasone” is disodium-formaldehyde-sulphoxylate-diaminodiphenylsulphone and 
was furnished through the courtesy of Abbott Laboratories of North Chicago, Illinois, by 
Dr. George R. Hazel. 

* The“ 104S” was originally prepared by Dr. hi. S. Kharasch at the University of Chicago. 
It is 4-4'-diaminodiphenylsulphone N-N' cystine sodium sulphonate and was furnished 
through the courtesy of Eli Lilly and Company of Indianapolis, Indiana, by Dr. H. A. 
Shonle. 
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in pijtt l>y (’allwnon (M), Hiirn'iti;: ('2.\) nnO Corpor .'inO CVthn (2-}). The latter 

jiutlinra lu’rrilx' the Orni'firia! ('frt'rlx ijf the •■•jlphonoi InrjU'ly to the utioxia rc.--uUing from 
thi> annmi'v pro.hiwl. Vrartirally nil \vorl:r-r.s have oh- erveO the i)}ic-nomcnon, hut there 
is p-nenO nf^rei-inent (hat ino-^t patient •< roon overconu' the anoxia if the lio-'.apo i"; properly 
resnlaled, I'Arept with iimall <lo“e.f there are other f-rirnis toxcioic cflccts, i-ucli as 
ii!ni.-ea, Inadaelie, ris'' in temjiemtnre, inrri'a"e l eo'.iKh nnilnervonsnc, 

Near the outset, therefore, it hf-eaine nece -mry to di-ire^inl ino'-l of the methods anil 
standards worhed out in itninea jii;; experiments and to se^k neve data for the ndministra- 
tion of the dniit in human iK-iiirp;. Ilin'-haw, l-Vldman ami Pfiielze (2S) t-stimatoil the 
toleranee of patients for promin to he one-l*.venlieth to one-fortioth of that of the guinea 
jnp,. They fovind that they could j;ive no more than 1.2 to 1.0 a day with aafety. A 
.similar do-xifp' was found useful by Dancy, Schmidt am! Wilkie (2o), provided occasional 
rest pe.riod.s of five to seven day.s were f;ivon. lamet and as-'oeiates (20) observed that 
0.5 to 1.0 ix- hy month were not tolerates! lone in lepron.s patients, and so they tried the 
intr.ivenoiir, method hy which they Ksvve, with certain infemiption.o, as much as o g. 
daily without ill effcohs. AUhnugli the p-.\tients were aide to tolerate man 5 ' times the 
maximum oral dos.age, yet there was- difficulty in the maintenance of a sufiicicntly high 
concentmtion in the hlood. Johnson (2G), while giving up to 15 g. a day, found tliat 95 
per rent w.as excreted in tlic urine. 

In order to produce a higher concentration, Zuckcr, Pinner and Hj-man (27) introduced 
the conlimiou.s intravciiou.s drip method of administration. After a single 5 g. injection 
of promin they found that the hlood levels ringed from 5.0to21.6 mg. per cent after fifteen 
to thirty minutes, then fell nipidly to 2.8 to *1.0 per cent after two hours, and to traces 
after twentj'-four hours. By continuous injection they were able to raise the blood 
level during the day from a low of 1.3 mg. per cent to a liigh of 15.-1 mg, per cent, with the 
average around 10 mg. per cent. The level fell again during the night's rest to a minimum 
of nround 2.0 mg. per cent. By thus method they were able to maintain a high concentra- 
tion of the clnig for ten hours a day, six daj’s a week, during periods of four to seven months. 
They noted some toxemic cficcts, hut these were not very serious. However, there was 
no improvement of the disc-asc proco,s.s, althougli they were able to give as much as 25 g. 
a da}'. 

Since none of the intravenously treated patients sccmcil to fare any better than those 
trcjitcd by oral administration, and since the latter method possesses some advantages, 
the recent tendency has been to adopt Ibis method. The blood concentration apparently 
increases more slowly, rc.achc3 a lower level, but remains longer at its maximum than in the 
rase of the intravenous method. There is also the possibility suggested by Hinsluaw, 
Feldman and Pfuetze (2S) that a conjugate may be produced in the gastrointestinal 
tract which may have a beneficial therapeutic effect. 

Irre.spectivc of any thcorctic.nl bencficinl effects resulting from oral administration, 
sulphoncs given by that method arc definitely more toxic than when given intravenously. 
The incraised to.xicity of the oral route is ascribed partly to di.aminodiphcnylsulphonc 
which is easily split from the molecule. Conjugates of unknown character are found. 
Johnson (2G) reports that 20 per cent of the drag recovered in the urine is conjugated. 

All toxicity, however, c.annot be explained on this basis since anemia develops following 
every mode of administration. 

In spite of the negative effect on the disease when the drug is given intravenously aud 
the necessity of low dosage for human beings by the oral method, a feeling of optimism 
has prevailed with regard to the posabilitics of sulphoncs in tuberculosis. There has 
been a hope that an “intermediate conjugate” or other possible derivative may produce 
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a better effect than the pure drug. Up to the present time, however, none of the hopes 
have been definitely realized, favorable articles in the lay press notwithstanding. 

After an ana^-sis of the reports on tlic treatment of human tuberculosis with sul phone 
compoimds, a familiar pattern of results is obsenTd. Some of the early and perhaps 
“good reacting” cases appear to improve; a larger number manifest a slightly favorable 
or indifferent result; and certain severe types, like tuberculous meningitis, arc not favor- 
ably affected in the laast. In general, the course of the patients ns a whole is similar to 
that of any group of tuberculous patients on routine treatment with the exception that 
the evolution of the disease process in a few cases may have been accelerated in one di- 
rection or the other. 

"With these facts confronting us, a properly controlled study seemed not only expedient 
but mandatory. The mere addition of another imcontrollcd experiment to the rapidly 
accumulating literature would contribute nothing of value and only further confuse the 
issue. It may be contended that any therapeutic result not evident by ordinary means 
of obsen-ation will not be worthy of consideration anj'way, but the literature contains 
numerous reports on remedies which have been hailed as cures as a result of objective and 
subjective studies, but which have later failed to measure up to the expectations created 
by the earber claims. If a drug ever appears that will cause every ill tuberculous patient 
to recover witliin four to six months’ time, or will cure tuberculous meningitis, controls 
nill not be needed; but it is doubtful tlmt such a drug wall ever be found. When it is 
realized that, according to Braeuning (29), over 30 per cent of frank tuberculosis heals 
spontaneously, any uncontrolled results become of limited value. In the absence of a 
“heroic cure,” therefore, we must attempt accurately to evaluate slight or moderate irn- 
provement, no improvcineni, or what is of greater importance, to determine whether there is 
aclnally injury produced by the new therapy. 

Controlled experiments in the treatment of tuberculosis arc not new. There were 
several precedents listed by Sweany in the discussion of Hinshaw and Feldman’s (30) 
reports. The gradual evolution of the matched control method is an outgrowth of the 
attempt to evaluate specific therapy in tuberculosis — one of the most variable of all dis- 
eases. The method used here is that developed by Sweany, Clancy, Radford and Hunter 
(31) in their studies on the therapeutic effect of \dtamin C on tuberculosis. Tlicse authors 
used for the first time a numerical “handicapping” system, with merits and demerits, in 
the matching of treated patients and their controls. Tins procedure is deemed a check 
on the classical method of study because appearances in tuberculosis are often deceiving. 
A review of some of the variable factors nail show the need for a means of close matcliing 
in a therapeutic axperiment in human tuberculosis. 

As in few other diseases, the future course of the tuberculous process cannot always be 
foretold. The critical pathological changes, for example, may be unnoticed or they may 
be detected only long after thej’’ have taken place. 

Every tuberculous infection be^ns as an inflammation cliiefly in the form of “tubercle” 
even though it may be microscopic; the primary infection conforms to the “law” of “sim- 
ilar adenopathies,” following along the adjacent lymphatics andfinally reaching the blood- 
stream. Living virulent tubercle bacilli may be obtained from the lesions during the 
first year or two of the infection, and the cells of the body become sensitized to the in- 
fection as shown by the tuberculin reaction. No doubt there are also minor changes in 
the percentage and type of blood cells and in the colloid stability of the blood serum. 
Perhaps 95 per cent or more of all tuberculous infections do not reveal manifestations 
beyond those mentioned above, and heal uneventfully. The possibility of these small 
lesions spreading to extensive disease, however, is always present as long as they contain 
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liviiij; barilli, .’Uk! ;i Mn.'ill do rlovHoj) into ju-tivf' Tiie fire of tlic 

lesion is not ."-o innKotant !n the immb>’r .'itid vinilcneo of tie; letniii, rcHstanco of tim 
host, and aecidcnfal eircitnstnnec?! oc-.'*urnn" at a Pritir.al [/frifKi diiriiif; the f.'nc:ij)=uIrition 
of the {nleTeh*. 'J'lje ini'thod>i of e.xncerJjatioji inUi dise.'op are various nnd each typo may 
result in a difTerent eoiin^e. H<»me h-Mon;* .••:j)re:id (tradnaliy, some raj>id!y by direct ex- 
tension, f ome ehnvly or rapidly by the bronchi or In* the blood or Innph vascular routes. 
In ."ome cases « reinfectif)!! flevelops into di- easi- in a variety of v.ay.-. 

In the evolution of the disease', Kvmptonia do not nhvay.s j):indlel the patholopca! 
ehnnt’e.-!. Soiuetiines the di'O'nre may Ije relatively benign even with advanced Icsion.s. 
Usually the tiis'-ase i<i first rliscovered on a r(renlp»eno;trarn, nlthou>;!i .suspicion m.ay be 
aroused by minor episodes of fever, plenn'.sy or hernorrkaite. Occa.sjon.ally the exacerba- 
tion of the smaller lesions to larger one.s result.*; in .‘^evere clinieal .symptoms with fc’.'cr nnd 
pby.sie.al futdings of exnd.alion. The patienls who are ovcnvlielnictl by the first infection 
are relatively few in numl)er and usually have a poor prognosis becau.'^c of the large dosage 
or high virulence of the bacilli. Some jiatients develnjj generalized di.‘;cn.'c rvith a "ty- 
phoid .syndrome" or with termimd meningitis. Others develop cxtrapulmonarj* disease 
with .-j wj/Je range of i^ymptoin?. Until the c.xtnipujmon.ary foci rcoch an advanced stage 
it i.s not abvay.s pos-sihle to detect the influence they e.vcrt on the patient, Kmally, in 
all progre.ssive ertsea there coinc.s a time, difTerent for every c:ise, when many and severe 
clinical symplom.s appc.ar. 

During the long and gnidu.al crc.sccndo of progres.sivc cluangcs (hero may Ixj unpredict- 
able rcversils of the j)rocc.=s with all dogrcc.s of healing. Healing and progression may take 
place allcmalely or simultnncou.sly. 

In addition to the di(Tcrcncc.s noted above, ail the changas m.ay be modified by race, 
age and .sex of the ho.st. There arc also inherent indittdual dilTcrcnccs based on physical 
tn)c and nflected by dietary deficiencies nnd endocrine unlxalancc. Some of these factors 
have been clearly shorni to influence the course of tuberculosis in different families of 
rabbits 1)3' Lurie (32) nnd there docs not seem to bo an}' valid reason wh}' the}' may not 
play a role in iiuman tuberculosis. 

The conrsc and outcome of tuberculosis is furthermore dependent upon the quality 
of the Ic.sion, c.siHjcially the relative degrees of fibrosis and exudation. Accordingly, the 
results of treatment mu.st be evaluated as much ns possible in qualitative terms. A recent 
infiltrative process cannot be compared with an old fibroid type of lesion because the old 
fibroid tissue represents former healing. The clearing of infiltrative lesions, the forming 
of new fibrous ti.ssuc n-ith the shrinking of parcnch}Tnal lesions and caantie.?, and deposi- 
tion of calcium arc the only true clinical indicators of healing. 

As nearly as possible comparable lesions should ho present in both the treated and 
control cases. Most of these factors are best evaluated by roentgenological methods, 
although clinical methods based on clinical experience irill always be a guiding compass 
which must never be disregarded. 

After a proper evaluation of the accessible variables of the disease and the clinical 
methods of control, much uncertainty still remains which may be detected only, if at all, 
by laboratory methods. Most of the intrinsic changes in the disease are best reflected 
quantitatively in the cytoiogical, chemical and ph}'siochenucaI constituents of the blood. 

In fact, laboratory tests arc the best means of evaluating the patient’s condition in a 
quantitative manner. 

It is clear, therefore, that patients must be selected for teatment who are understood 
biologically, who have enough demonstrable disease to be obserx'ed either by clinical, 
roentgenological or laboratory methods, but who are not hopeless, and whose disease 
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process is ktrown appvoximatelj' with respect to its duration in the bod}* and its qualitative 
features. 

Under the best of circumstances, liowever, cases that are matched closely may diverge 
gradually or abruptlj’ bcKiuse of the many differences of the lesions listed above. A 
patient may proceed to a rapid termination or heal evcntuallj' without any demonstrable 
reason. In a large scries of cases, however, there is usually a balancing of such irregular- 
ities, especially if the cases liave been observed for a time before the treatment is begun. 

METHODS 

After a consideration of the many uncertainties of the dlcease, it becomes no 
mean task to formulate a check metliod by wliich the disease compoaonts maj^ be 
measured in any particular patient. In the attempt to realize this objective, 
careful clinical and roentgenological evaluation was given to each case. I-n. 
addition, the arbitrary’ numerical system of merits and demerits referred to above 
(33) was adopted and improved. According to tliis method the “normal” 
individual has a zero rating. Deductions are made for race, certain age periods, 
constitutional factors and sc.v differences known b 3 ’’ long observation and ex- 
perience to cause a variation in the course of an acquired tuberculosis. De- 
ductions are also made for roentgenological and clinical variations from the nor- 
mal. In like manner, abnormal chemical and cytological changes in the blood 
and certain complications reduce the patient’s prognosis and are added to the 
total handicap. 

It must be emphasized that this numerical method is purelj’’ arbitrarj’- and 
makes no pretense at face-value accuracJ^ There is also no way to allow for 
dosage and idrulence of the bacilli, except to observe the patients for a time be- 
fore treatment. When applied to all cases alike by the same indi%’iduals, how- 
ever, the ‘method gives a closer approximation to the true evaluation of the 
patient’s condition than can be obtained by mere qualitative observations. 

The principal requirement in appl}dng such a handicap method is that the 
same system be maintained throughout and the same group of people apply the 
method in any given experiment. In this way the personal element which is 
prone to change from time to time will largely be controlled and the quantity 
and quality of the disease as well as the type of the host vdll be more closely 
approximated. 

There were nineteen different factors selected and evaluated for the experi- 
ment.® Five of these are fixed for a given individual and do not vary with the 
course of the disease. These five include age, sex, race, habitat and constitution. 
Of the variable factors two were calculated from roentgenological data, four from 
clinical observations and eight from the results of laboratory tests. 

The algebraic sum of all the factors forms a “handicap value” which has been 
called a “prognosis quotient” and designated in table 3 as P. Q. 

After the prognosis quotient was found for each patient included in the study, 
the process of matching was carried out. Patients within the same age period, 

® The details of the handicapping method, which are rather extensive, may be obtained 
by communicating with the authors. 
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of tlie same sox, and as far as possible of the same race and constitution vere 
grouped together. The quality and quantity of the lesions and clinical findings 
were also matched vithin a reasonable degree of accuracy. Finally, the total 
prognosis quotient was matched within 25 per cent— most within 10 per cent. 

The record cards of the pairs of matched cases were separated into two piles 
on an alphabetical basis. Patients having the higher letter of the alphabet, 
beginning nith the surname, were placed in one pile and the others in another 
pile. A coin was flipped to determine which group should be treated. The 
remaining group sc^r-i-cd as the control. At the beginning of the matching most 
of the factors could be matched rather closety. As the pairs of cases were grad- 
ually removed bj-- matching, there was left a more dissimilar residue. The 
heated patient's t 3 'pe and condition became more unlike the control and con- 
sequently the matcliing became less accurate. 

In the experiments to be reported, the Institution was canvassed for several 
weeks in order to obtain the cases best suited for the stud 5 ^ Patients for whom 
collapse therapj’- was not deemed advisable were generally selected. Most of 
the cases were seriously ill, but none was critically ill when selected. In fact, 
the majority of the patients was considered to have a fair to good chance of 
recovery. Cases with disturbing complications were rejected unless controls 
with the same complications were available. Practical!}’' every patient had 
some recent infiltrative lesions which could be obsen^ed by roentgenological 
study. 

All the patients were treated as nearly ah’ke as possible as to diet and general 
management, no special or accessory treatment was given any of the patients 
while on the experiment, except in emergency, and the control patient C-7-A, 
who had surgical treatment. 

Each control patient received placebo capsules under the guise of the new drug. 

The patients were visited daily by their regular physicians. One of the 
authors (S) visited each patient once a week to check on the various details of 
the treatment, to observe the objective appearances of the patient and to obtain 
a subjective account of his or her condition. 

The amount of each drug (diasone and “1048”) was given according to the 
patient’s tolerance. The initial dosage was based on the recommendations of 
Feldman and Pfuetze (18) for promin and Fetter and Prenzlau (19) for diasone, 
and modified according to each patient’s tolerance. Patients manifesting 
nausea, nervousness and cyanosis were carefully watched. As pointed out by 
the above mentioned authors, there was a definite although variable degree of 
cyanosis in practically every case, but most patients gradually acquired a tol- 
erance and adjusted themselves to the loss of hemoglobin and to the resulting 
anoxia. The nausea and nervous reactions, however, were of a more serious 
nature. Few patients who manifested these reactions were ever able to continue 
the treatment long without a reduction in dosage. Some had to be taken off 
the drug entirely. 

Chemical analyses for the drug in both blood and urine were used to follow 
the treatment. It was very necessary to see whether the patients were taking 
the drug and if they were taking it to see whether it was being absorbed. The 
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chemical analyses were also good checks on possible errors and deliberate "trad- 
ing” of capsules. All in all, very few in-egularitics were discovered. 

The sputum was examined for tubercle bacilli at regular monthly intervals and, 
in most cases, the amount of the sputum was recorded. Cultures wore made on a 
selected group of treated cases. Complete physical examinations were performed 
at the end of the experiments as at the beginning and a follow-up was made six 
months after the experiment was ended. Roentgenograms were taken before 
and at the end of the treatment. Treatment was continued for approximately 
four months unless poor tolerance of the drug or the condition of the patients 
otherwise forbade further drug treatment. 

EXPERIMENTAL PART 

From a group of 200 patients considered, 160 were selected for preliminary 
study and 108 of the latter were chosen for treatment with one or the other of 
the drugs. The 108 patients were divided into two groups, 60 for the "diasone” 
study and 48 for the “1048.” Of these two groups, however, only 32 of the 
former and 16 of the latter (a total of 48) were carried uninterruptedly to the 
end. Many pairs were broken by unexpected accidents or death; many dev^el- 
oped or were found to have disturbing complications, and in several the match- 
ing was found not to be sufficiently accurate. 

To cite one example of error, one treated patient who revealed a defim'te im- 
provement with diasone was found to have an upper lobe abscess and not tuber- 
culosis. The case was submitted by the floor doctor as tuberculous, but was 
ultimately discovered to have an abscess. Later a lobectomy was performed by 
one of us (D) and the patient made a complete recovery. This case vdth its 
control is subtracted from the original 108, leaving 106 actually tuberculous. 
The same treated case is mentioned later as developing diabetes during diasone 
therapy. 


DISCUSSION 

In table 1 various significant S3Tiiptoms are recorded to show the percentage 
increase or decrease after the beginning of the experiment. The decrease in 

TABLE 1 

Increase of important symptoms of cases treated with diasone and 34 treated with “1048" 

together with their controls 


(Expressed in percentage of the respective totals) 


DRUG 

TEUI>ER- 

ATURE 

rULSE 

COUGH 

WEAKNESS 

NAUSEA 

HEMOR- 

RHAGE 

CYANOSIS 

DYSPNEA 

T 

c 

T 

c 

T 

c 

T 

C 

T 

C 

T 

c 

D 

m 

T 

C 

Diasone 

“1048” 

41.4 

20.8 

1 

1 

3.4 

4.2 

3.4 

20.8 


1 

i 

20.7 

20.8 

6.9 

16.6 

13.8 

4.2 

3.4 

8.3 

48.3 

66.7 

3.4 

0 

17.2 

16.6 

0 

12.5 


T = Treated cases. 
C = Controls. 
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FymptoiDS is no more Ihnn one would f‘X'j)eet in jiny group of far advanced !ani> 
(ariurn j)ali(-n(s iin<! is about ciiual in Uto treated and control carcf;. Certain 
conditions were priKluec'd, however, by the drugs, most irnpr/rfant of which was 
the cyanosis observed by others am! really of much less conscfiuence than npj)ear- 
ances would seetn to wnrnint. 'I'lje tenifK'raf un* and esfycinlly pulse were in- 
creased more in the tj-eated than in the controls. Cough sc-erned to lx* less fre- 
quent in dia.sonc-treated cases, 'J’hc sputum (luantity remained about the same 
in all cases. 

An analysis of the symptoms of pain is intere.'^ting. After eliminating the 
cases with i«'j)tic ulcer.s, pain wa-s about rf|u:illy distributed between treated and 
control patients One patient tmated with “lOtS” h.ad .a Keneralired prip-like 
pain in joint.s and muscles. Pain refernal to the .stomach included 2 patient.s 
treated with diasone, one treated with “lOlS” and 2 controls, Alxlornin-al p.ain 
was pro.sont in one jrntient treated with diasone and one control. Pain in the 
chc.st was pre.>-ent in 2 i)atients Irr-ated with diasone am! one tre.itcd with “lOlS;” 
hut there wen; 3 controls v.-ith similar pains. Pain in the kidney region was pre.s- 
ent in one dinsone-froated ca.'^e with .•'imiiar sj'inptoms in one control. Pain in 
the shonlder wn.s present in one control. 


T.ABLIC 2 


Condiiion of SS cases in the diasone experiment six months after the end of the treatment 


ivnoTt) 

VJ.'tUl'tON'XO 

tiriD 

1 roTAl 

Trtsift! 

CentfoU 

Tffstt'l 

Contro’.t 1 

1 Trfitf'! 

Cor.trolj 

5 

•1 

M 

11 

10 


1 

1 5S 


Perspiration, insomnia, hoarseness, chills, blood in .stools, nocturia, poKairia, 
dizTancss, .skin irritability, hc.ad.achcs, tympanites and diarrhea when present 
were about equal in treated and control cases. 

In the more detailed analyses the findings were divided into the diasone- 
treated cases and tho.se treated with “lOlS.” 

The diasone group: The clinical results of the diasono-trc.atcd p.atients, con- 
sisting of 29 treated and 29 control cases, arc shown in table 2. 

The results arc given as found six month.s after the end of the treatment wliich 
was practically a duplication of the immediate results. There was little to choose 
between the treated and control cases. 

In analyzing the complete results, the groups were further divided into well 
matched cases and cases not well matched. Tliorc were 16 of the former and 13 
of the latter with their respective controls. 

The total diasone given to 30 patients (including one lung abscess) was 3,418 
g. for a total of 3,811 patient days. The average amount of diasone adminis- 
tered, therefore, was 0.9 g. per patient per day. 

The blood level of diasone was roughly 1 mg. per cent when one g. daily was 
given, and the amount recovered in the twenty-four hour urine was usually be- 
tween a third and a half of the intake. 
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Albumin of 0.1 per cent or more was found more frequently in the treated 
cases than in the controls, although only 2 or 3 seemed to develop kidney damage 
as a direct result of the drugs. Cultures were made of the sputum of a repre- 
sentative number of treated case.s and no bactericidal effect could be detected. 

Plates 1 and 2 show the roentgenological pictures of 4 cases, 2 treated and 2 
controls, before and after the e.\periment. 

In table 3 the complete analysis of 4 cases and 4 controls is given. The first 
4 cases include 2 cases treated witli diasone and their respective controls. The}' 
represent the best results obtained with diasone. The histories wilt be given 
briefl}' together with brief roentgenographic interpretation. 

Case Reports 

D-4 (R. F.) was a 58 year old street-car conductor of Dutch ancestry. His complete 
record is tabulated as the first case in table 3. Tlie patient tolerated very well 177 g. 
in 133 cla}’’s. Near the ciul of the e.vpcriment the patient developed an elevation of 
temperature and repeated small hemorrhages. He was put on “A” capsule (placebo) 
after June 15, 1944. The roentgenological findings weie as follows: Before treatment 
(1/11/44) there was a marked fibroid lesion present in the whole right upper lung lobe 
containing contracted heavy-walled ca\’ities. Discrete fibroKiseous, acinous-nodose 
lesions were scattered in the middle third of the lung. Early carity formation was 
present in the left apex-. There was also a slightly clearing acinous-nodose tuberculosis 
throughout the upper two-thirds of the lung (plate 1, figure la). After treatment 
(5/10/44) there was a very slight disease progression (plate 1, figure lb). The patient 
was unimproved at the end of the expeiiment. The 409, or total number of demerits, is 
what has been designated as the “prognosis quotient” or P. Q. The demerits changed 
from 409 to 508, a loss of 99 points, which suggests a deterioration of the patient’s condi- 
tion. 

The control of the preceding case, D-4-A (J. R.), was a 57 3'ear old American male of 
German-French ancestry. His clinical condition deteriorated, a fact revealed also bj' the 
following roentgenological description. Before the beginning of the studj' (1/10/44) 
the roentgenogram revealed a fibrouleerative tuberculosis in the upper half of the right 
lung with a 5 X 7 cm. cavity in the upper lobe and a 7 cm. cavity in the apex of the lower 
lobe. More acute ulcerative tuberculosis was present in the left mid-field. Two cavities 
were present measuring 3 to 4 cm. (plate 1, figure 2a), At the end of the treatment 
(5/10/44) there was a noticeable progression with enlargement of all cavities and ex- 
tension of acinous-nodose tuberculous lesions (plate 1, figure 2b). At the beginning of 


PLATE 1 

Fig, la (upper left). Roentgenogram, taken on January 11, 1944, of patient R. F. (D-4) 
treated with 177 grams of diasone in 137 days. 

Fig. lb (upper right). The same c.ase on May 10, 1944. There is possibly a slight ele.ar- 
ing noted. 

Fig. 2a (lower left). Roentgenogram, taken on Janu.ary 10, 1944, of patient J. R. (D- 
4-A). 

Fig. 2b (lower right). Same case on May 10, 1944. There is possibly a slight disease 
progression. 
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the treatment the P. Q. was 404 (12 jier cent more than the treated case). At the end of 
the experiment the P. Q. was Oil, a loss of 147 points, showing about equally in all the 
determining factors. Since the loss of the treated case was only 99, the net gain of the 
treated case over the control was 48 ])oints. 

Six months after the end of the experiment the treated case was unimproved, 
while the control was a terminal case, dying on December 9, 1944, eleven months 
after the beginning of the experiment. 

D-IG (D. L.) was an IS year old female of Polish descent (table 3). She received 75 g. 
of diasone in 113 days and, except for a slight cj'anosis, she experienced no ill effects of 
the drug. Towards the end she claimed .she felt “much better.” Her P. Q. went from 
700 to 650, a gain of 50 points. Note the slight clearing of the roentgenogram (plate 2, 
figures la and lb). The roentgenological description was a follows: On January 12, 
1944 there was a soft infiltrative tuberculosis in the whole right lung and organized 
pleural effusion with a faint diffuse infiltrate in the base of the left lung. On June 5, 1944 
there was a slight clearing of the infiltrate in the left base but no great change otherwise. 
Six months later the process was stationary. 

The control, D-16-A (M. T.), was a 20 year old Amei-ican gir l of French ancestry (table 3) 
who thought she “rested better at night” for a wlrile, and then she developed an indiffer- 
ence, sa3'ing she felt “0. K.” or “no change” on every risit. Her P. Q. went from 573 
to 492, a gain of 81 points. Six months later her condition was stationary. Although 
the control showed a few points over the treated case there was rerrlh’ little difference 
between the 2 patients. A description of the roentgenograms follows: On January 12, 
1944 thei-e was a consolidation and partial atelectasis and consolidation of the right lung. 
A small caritj' was present in the left upper lobe, rneasui'ing 2 cm., with clearing acinous- 
nodose tubercles down to the second rib. On Maj-4, 1944 there was practically no change; 
if anj'thing a slight clearing could be noted (plate 2, figures 2a and 2b). 

The total demerit points for the diasone-treated cases were 8,470 before treat- 
ment and 8,740 after treatment, a slight loss. The control cases totaled 8,200 
points before and after the treatment. No favorable change, therefore, can be 
ascribed to the treatment in the treated group bj”- anj" method of reckoning. In 
fact, as a group they fared slightly worse than the controls. The figures, how- 
ever, are well within the limits of experimental error. 

One pair of cases referred to before was eliminated because of a mistaken diag- 
nosis, but the treated patient developed diabetes during the treatment. 

The “ 104 s'’ group: The “1048” compound, wdiich was found to be effective in 


PLATE 2 

Fig. la (upper left). Roentgenogram, taken on January 12. 1944, of D. L. (D-16) who 
received 75 grams of diasone in 113 days. 

Fig. lb (upper right). Same case on June 5, 1944. There is perhaps a slight clearing of 
all lesions. 

Fig. 2a (lower left). Roentgenogram, taken on January 12, 1944, of M. T. (D-lG-.t), 
the control case. 

Fig. 2b (lower right). Same case on May 12, 1944. There is possibly a slight clearing. 
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the inhibition of the disease in animals (2), was observed to have more toxicity 
than diasone. Of the 48 eases selected, only 16 (33.3 per cent), including 8 
treated and 8 controls, were carried through to the end, whereas of the 58 tuber- 
culous cases in the diasone experiment, 32 (55.2 per cent), including 16 treated 
and 16 controls, were deemed suitable for reporting. Although many of the 
cases were rejected because of poor matching rather than because of the effect 
of the drug, the fact that, for the whole series, the patients were able to tolerate 
less of the “1048” than diasone speaks for the greater toxicity of the former. 


TABLE 4 

Condilioit oj 4S cases trcnlcrl iritli “J04S” six months ajtcr the end of the treatment 
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For the 24 patients receiving “1048” a total of 1,737 g. were given in 2,116 
days. The daily average per patient, therefore, was 0.8 g. per day. The re- 
covery in the urine was usuall}' higher than that obtained for diasone. Some- 
times the urine level was abnormally high and was possibh* due to some inter- 
fering substance which produced a similar color in the analysis. 

The clinical findings are shown in table 4 with a definite unfavorable trend. 

Only two pairs of cases will be reported in detail. One pair is illustrated in 
plate 3. 


Case Reports 

C-4 (0. J.) (table 3) was a 40 year old American male of Jugo-Slav descent who received 61 
g. in 122 days. The patient’s pulse increased from the beginning of treatment, but he 
stated that he breathed easier, coughed less and had a better appetite after he began taking 
the drug. Within a few days after the treatment began he was given a few “A” capsules 
for a few days (because of a shortage of the "C" type of capsule containing “104S”) 
and he claimed he felt still better. Later, when the “Cs” were begun again lie com- 
plained of a burning in his esophagus and stomach and developed an intenselj' blue skin. 
The dosage was reduced to two and then to one capsule a day. Still later he was put back 
on two capsules after which he developed “gas pains” and became nervous. His e 3 ’es 


PLATE 3 

Fig. la (upper left). Roentgenogram, taken on Januarj' 11, 1944, of patient J. K. (C-7) 
who received lOS grams of “1048” in lOS daj’s. 

Fig. lb (upper right). Same case on ^Maj’ 9, 1944. There is moderate disease 
progression. 

Fig. 2a (lower left). Roentgenogram, taken on Januarj' 11, 1944, of J. O’iM. (C-7 -A), 
the control case. 

Fig. 2b (lower right) . Same case on March IS, 1944. There is a slight clearing but the 
time interval was inadequate for comparative evaluation. 
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watered and he complained of “heart burn,” Finally he was changed to “A” capsules 
permanently and almost immediately began to feel better, his skin cleared and he became 
less nervous. The P. Q. was 304 at the beginning and 234 at the end. The general condi- 
tion was unchanged after six months. There was a definite toxemic effect of the drug that 
apparently could be removed onlj' bj' discontinuing the drug. Wlrile the patient did not 
improve perceptibly, he did not seem to be injured — at least not seriously. 

The roentgenological report follows; On January 10, 1944 an extensive fibroid process 
was present in the right upper lobe. There was a contraction and pulling over of the 
trachea and a shrinking of the caAutj' to about half its original size. A slight nodular 
and infiltrative involvement was present in the left apex. On June 5, 1944 there was a 
slight increase in the densities in all lung fields. 

The control, C-.J-A (B. Z.) was a 45 year old Polish-American male whose condition was 
almost exactly like the treated case throughout, except that he did not complain of symp- 
toms and no objective change appeared. His P. Q. changed from 296 to 223. His 
condition was stationary after six months. The roentgenogram on January 7, 1944 
revealed a slight involvement in both apices containing a few tiny ca^^ties, and on May 9, 
1944 a slight clearing. 

The last pair of cases in table 3 is also shown in plate 3. 

C-7 (J. K.) (table 3, and plate 3, figures la and lb) was a 22 year old Irish- American male 
who received lOS g. of drug in 108 days. The patient complained of gas pains, headache 
and slight nausea at first, but these mild symptoms disappeared until near the end of the 
experiment when he began to have blood-streaked sputum. He was then taken off the 
treatment. The P. Q. changed from 397 to 353. The roentgenograms revealed the 
following: On January 11, 1944 there were many small ca^^ties in the right upper lobe 
surrounded by infiltrations. The process extended down almost to the middle of the 
lung. There was a cluster of tubercles in the left apex extending into the subcla^^cular 
area, and a few scattering tubercles domi to the mid-field (plate 3, figure la ). On May 
9, 1944 there was an extension of the process in the right upper lobe with more infiltration. 
Also there was an increase of density in the left lung. The process extended downward 
to a point near the mid-field (plate 3, figure lb). Six months after the treatment the 
process was stationarj'. 

C-7-A (J. 0’M.)(table3,and plate 3, figures 2a and 2b) was a 25 year old Irish-American 
male who did not notice any change in his condition as a result of the treatment. Towards 
the end of the observation ]reriod a thoracoplasty was done. His P. Q. changed from 3S0 to 
226 before the operation and six months later he was much improved. 

This case illustrates the unpredictable aspect of tuberculosis. For no known reason 
this patient improved more rapidly than the treated case. On January 11, 1944 a large 
fibroid process was present in the left apex with extension down to the lower third with 
infiltrative and scattered acinous-nodose tuberculosis. There was a considerable con- 
traction and pulling over of the trachea to the left. A mild involvement was jrresent in 
the right upi>er with partially healed discrete le,sions. On March IS, 1944 very little 
change was noted. 

The total demerit figures for the “1048” tivated case.s were 3,S(50 before and 
3,810 after the treatment, a negligible change The control eases, liowever, 
changed from a 3,800 total to 3,-190, a slightly favorairle re.sult. 

There weit* no patients who wore entirely symptom-free after taking “1048.” 

A few, however, had .such slight rcaction.s that they could continue the drug 
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w-ilhout interruptions. A few were “rc.stctl” for n while and then treatment 
was resumed. Practiwilly all complications were found contraindication.s to the 
treatment. Two p;i{icnl.s with mild diabetes became wor.re as a result of the 
treatment with “lOlS.” One case with jx'ptic ulcers reacted badly and had to be 
taken off the treatment. A case of ix'rniciou.^ anemia se<*med to tolerate “1018” 
very well, for his hemoglobin wa.s not. unduly depre.ssed. The effect on the tu- 
berculosis, Jjowevor, was nil. In spite of the negative cficct on this one case of 
pernicious anemia, such treatment is surely contraindicated in tlie disease. 

COMMENT 

Since the clinical results of the.se e.\'}>eriment.s are self-evident, the discussion 
can be limited to ])Ossiblc controversial issues. A question may legitimately be 
raised as to the propriet}' and dc]x;nd.nbility of the “liandic.apping system” 
of checking cVmic.al M'ork. Tor most clinical studies, such a system may not be 
necessary, but it is csjrccially useful where progress is only slight or questionable. 
Tlie chief value is tliat it affords an opportunity to match cases more closely than 
can bo done by other objective and subjective moans. Then, when carefully 
used, it gi\*cs an assuring irapcrsoiwl check on the classical methods of evalua- 
tion. 'Wdiilc all the factors selected may not have much value in appraisal of the 
intrinsic changes in any p.atient, there are some that arc quite .stable and de- 
pendable. The best example of the latter is perhaps the various blood proteins. 

Another question might be raised as to why the ‘Tuxed” factors were used at 
all? If two people are exactly alike in all details it wouldn’t be neces.sary to use 
them. When it becomes necessarj' to compare patients of wideb' differenttypes, 
they help to make a better comparison. 

Finally, it must be admitted tliat the method ns used may be needlessly 
detailed. Since all calculations were applied alike in every case, and since 
everj' factor seemed to contribute to a more accurate result, notliing was altered 
after the e.xperimcnt was begun. 

The selection of cases, the matching of the cases and every step taken during 
the course of the experiment were done by workers without any knowledge of 
the results of others, the typo of treatment or the dosage of the drug. Only 
when the final figures and findings iverc assembled did anyone know the results 
of the other workers. The status of the treated cases alone at the end of the 
e.xperiment therefore can be accepted as a negative result or in some cases a 
worse result than would have occurred under ordinary treatment without a drug. 
In addition, the matched controls wliich fared as well or better than the treated 
cases give the whole result an absolutism that is unequivocal and final. 

SUMMARY 

A series of 53 patients ivith far advanced tuberculosis was treated with sul- 
phone compounds. Everj’- patient w'as matched as closely as possible -vvith a 
similar patient who was given a placebo in the guise of the drug. 

Treatment was begun with diasone on 29 of the patients but only 16 were 
carried to the completion of the experiment. Treatment was started in 24 
patients with “1048” but only 8 were carried to the completion of the experiment. 
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The "incomplete” cases consisted of those in which death, accident or other 
incidents broke up the pairs before completion; in which obscure complications, 
overlooked at first, were discovered; in which complications developed which 
required taking the patients off the special treatment or in which the matching 
was poor. 

The results of the treatment with both drugs were essentially negative so far 
as favorable effects on the disease tuberculosis were concerned. A few cases 
appeared to be injured by the treatment. The symptoms of peptic ulcers and 
diabetes were aggravated by both drugs. In a patient with lung abscess treated 
by mistake with diasone, the abscess improved but diabetes developed during 
the treatment. Albumin in the urine was increased in a few patients treated 
with both drugs, although about half as many controls also had increased al- 
bumin. 

In an analysis after six months’ time, the diasone-treated patients and their 
controls ran parallel. There were 5 improved treated cases and 4 improved 
controls, while there were 14 unimproved treated and 11 unimproved controls, 

10 dead treated cases and 15 dead controls. 

In the "1048” group, one treated patient improved while 6 controls improved; 

11 treated cases were unimproved while 10 controls were unimproved, and 12 
treated cases died while 8 controls died. 

A numerical handicapping system was also used to evaluate the prognosis of 
each patient. Factors for age, race, sex, constitution, quantity and quality of 
the disease, as deterrmned by clinical, roentgenological and laboratory methods, 
were used in matching. 

Of the completed treated cases, the 16 cases receiving diasone had a total of 
8,470 demerit points before and 8,740 after the treatment, a loss of 270 points. 
The matched controls had the same after as before the experiment, namely, 
8,200 points. The net loss of the treated cases was well within the h’mits of 
experimental error. 

In the "1048” group there was a gain of 50 points in 3,860 points in the treated 
group, but a gain of 310 points in 3,800 points of the control group. 

The best that can be said, therefore, for diasone as a treatment of advanced 
jmlmonary tuberculosis is that it may not cause injury to patients when the toxic 
effects are carefully watched. In certain cases treated with “1048” a definite 
and permanent injury seemed to result. By none of the known means of evalu- 
ation could a beneficial effect be observed with either drug. 

The negative results in this series, however, do not prove that any or all 
earlier types of cases may not be benefited, nor should our findings discourage 
further attempts to find a chemotherapeutic agent for a treatment of the dis- 
ease. 


BUMARIO 

A una serie de 53 tuberculoses muy avanzados se les trat6 con compuesto de 
sulfona y para cada enfenno se tom6 otro lo mds semejante posible, que recibid 
un placebo en vez de la droga. 
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En 20 f'nfcrnK« s' contonri’t c) trnt«m5t'iUo con din-sonn, jx'ro pj»1o on Ifi )50 
cl o\i>'ni!U'!ito, jvn 25 s' inicjo In jcnvpt'nlirn con "1018", jwro 
yolonicntc cn 8 s' ctt’npldo cl cvjv'rimcnto. Lc»‘: crsfos '’incoinplctoH" r.oinprv'n- 
dicron nq'.itlUs-^ cn qttc In inncrto u nltn’in incidents rornpicron lat? pnnqa.a notes 
dc Icnuinnr cl cf-t\'.d5o; ncpu-Uoii cn Uk quo js dcscubricron compHcnrioncs os- 
ciirr.s inudreriidr.*^ al principio y nqu^Jlos cn <jiie («' presentnron las complicn- 
cioncs qnc oWipiron a snspender cl Initnsnicnto csjvclid o cn los qnc cl nparen- 
miento cm dcficicntc. 


I/OS rcniltado*; <1(1 trntninicnto con nmlvis droj:as uieron cs'nciahncnte nepati- 
vos cn cunnto n eferto fnvomblc yobre la ttiNacnlosIp, I'nos pocos ensos fuoron 
npaTcntcrocn'c jv'rjndicndos por cl Imfarnicnto. l/(v; ylntonins <lf; dlccra:? 
{■i^ptica? y dialH'tcs fucron nptmvndos por ambos droftas. En un enfenno con 
nbpeeso pulmonnr. tmtndo por error con dia<fma, cl nliFccsn nicjon'j {icro sc 
present^ dialx-ics durante cl imtnmicnto. La nlbuininiirin numentd cn nlpiinos 
cnftnno': tmtad<»s con nmbas daspa*;, nunque nproximndavncide cn la mitnd dc 
lop tcplipos tnmbifn ntiincntd In nlbdminn. 

En isn aniilipis cjectitado nl c,nbo tie fcds mcfcc, lop enfemio? frtitndos con 
diflyonri y .mis testipcfs moptmron pnmlclipmo. inica bubo nicjorin cn 5 ensos 
tratados y cn •! te.dipns y, en canibio, no lo bubo cn M do lo? tmtadop y cn 11 
testipop y rnurieron 10 dc los capos tmtados y 13 tie ]o5 testipos. 

En cl fmipo tratado con "1018" mejorarnn tino do los tmtados y feis testigos; 
y no 11 dc los trataclos y 10 testigos y muricron 12 tic los Iratados y 8 testigos. 

TambiiTn sc iip 6 un .dstema numdrico dc clitsificaciun pnm nv.’dtinr cl prondstico 
dc cad.a pneiente. tomando on cuonta los factonxs tic edad, rar-.a, wxo, coristitu- 
cidn, canlidad y calidad dc la cufennedad, dctonninatlas por los mdtodos cUnicos, 
rocntgcnoldgicop y dc labomtorio. 

Dc los casos h.ostn cl fin del experimento, los 10 quo recibicron diasona Icnlnn 
8,470 punlos dc domdrito antes y 8,740 despuds tie! tmtnraicnto, o sea, nna 
p&tlida dc 270 puntos. I/OS testigos mostmron los misnios tanlo despuds como 
antes del experimento, a salrcr, 8,200 puntos. Li pdrdida nctri dc los txasos 
tratados oorrespondid bastantc bicn a los Hmites dc un error experimental. 

En cl grupo "1038” hubo una gnnnncia dc 50 puntos cn 3,800 puntos cn cl 
grupo tratado, comparados con 310 puntos de gnnnncia cn 3,800 puntos del 
grupo testigo. 

Lo mds que puede dccir.se, por lo tanto, .sobrc la diasona como tratamiento 
de la inhcrculosis pulmonar avanzada, cs tjue puede que no rcsultc nociva para 
los enforraos si .se \ngilan cuidndos.amcnte los efectos tdxicos. En ciertos ensos 
tratados con "1048” obsen-ose un cfccto nocivo bicn aparente y permnncntc. 
Con ninguno de los medios dc cvaluacidn conocidos pudo obscrvmrsc cfccto 
beneficioso con una u otra droga. 

Sin embargo, los resultados negntivos obtenidos cn csta scrie no demuestrnn 
que no pueda beneficiarse alguno o lodos los tipos tempranos de casos, ni tampoco 
deben desalentar estos ballazcos nuevos esfuerzos encaminndos a cncontrar un 
agente quimiotcrapdutico contra la enfermedad. 
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VIRULENCE OF TUBERCLE BACELLP 
In Vitro Testing by the 1160 of Diphtheria Antitoxin 
PHILIP F. WAGLEY and W. STEENKEN, Jn. 

There have appeared in the literature of the past few years several papers 
indicating the possibility of specific rclationsliips between diphtheria antitoxin 
and Mycobacteria tuberculosis. In 1926, Wolff (1) reported some clinical im- 
provement in a series of tuberculous cases treated with diphtheria antiserum. 
Because of certain similarities between the tubercle bacillus and some of the 
diphtheroids, Schain cl al. (2, 3) have studied the effects of diphtheria antitoxin 
on Mycobacteria tuberculosis in vitro and in vivo. These observations led to 
experiments (4) alleged to give an in vitro method of determining the degree of 
virulence of any strain of tubercle bacillus. This conclusion, if true, is important 
both for prognostic purposes in clinical work and as a premise on which to study 
the basic mechanisms of the ^drufence of Mycobacteria tuberculosis. Therefore, 
we made the following experiment. 

MATERIALS 

The procedure outlined preriously by Schain (4) was followed. 

1. CvUtirc rnedum: 1,000 g. of finely diced potatoes were mixed with 120 cc. of glycerin 
and 1,000 cc. of water and autoclaved at 15 lbs. pressure for one-half hour. The fluid 
was filtered through cotton and gauze; 1,500 cc. of 0.6 per cent salt solution and 40 g. of 
agar were added to 500 cc. of the above extract. This was heated in a water bath until 
the agar was in solution. The pH was adjusted to 7.4. The medium was tubed in 4 cc. 
quantities and autoclaved at 20 lbs. pressure for fifteen minutes. The tubes were then 
cooled to 55°C. and to each was added 1 cc. of human blood* or of a mixture of human 
blood and antitoxin (warmed to 37°C.). The tubes were then rotated for thorough 
mixing, slanted and cooled. 

2. Diphtheria antitoxin (obtained from the Board of Health, New York City, Lot No. 
838) containing 1,200 units of diphtheria antitoxin per cc. and 1:10,000 mertliiolate was 
used. 

3. Normal horse serum, containing mertliiolate in a concentration of 1:10,000, served 
as the control for diphtheria antitoxin. 

4. Citrated human blood (100 cc. of 2.5 per cent solution of sodium citrate and 500 cc. 
of human blood) was collected from a case of inactive tuberculosis. 

5. The following microorganisms were used for the tests; 

(A) Virulent for guinea pigs 

Strain 1:(H37 Rv) virulent dissociant (o) 

Strains 2 through 7 (virulent tubercle bacilli recently isolated from patients’ 
sputa)* 

Strain 8:(Ph A. — Rv)* 

* From the Research and Clinical Laborator 3 -, Trudeau Sanatorium, Trudeau, New 
York. 

* The blood was obtained from an arrested case of minimal tuberculosis, who failed to 
react to an intraoutaneous injection of a 1:10,000 dilution of Old Tuberculin. 

* Pathogenicity tested by animal inoculation. 
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(B) Avirulent for guinea pigs (6) 

Strain 9 : (H37 Ra) avirulent dissociant 
Strain 10 : (R1 resistant) avirulent dissociant 
Strain 11 : (H4 Ra) avirulent dissociant 
Strain 12 : (J. H. 16 Ra) avirulent dissociant 
Strain 13 : (J. H. 6 Ra) avirulent dissociant 

(C) Saprophytic 

Strain 14; (M. Phlei) 

Procedure: Four weeks growths of each of the above strains were removed from culture 
slants and ground in sterile mortars. Uniform suspensions were then made in physio- 
logical saline and centrifuged at low speed for five minutes to remove any large clumps of 
tubercle bacilli. To determine the concentration of the different suspensions 1 cc. of 
each was transferred to a weighed watch glass and evaporated to dryness on a water bath. 
The watch glass and contents were weighed and the dry weight of tubercle bacilli was 
determined. The remaining portion of each suspension was then diluted with saline so 
that 0.5 cc. was equivalent to 0.66 mg. dry weight of microorganisms. 

Each strain of tubercle bacilli was then tested in duplicate by seeding it on 13 different 
slants of the above medium containing various concentrations of antitoxin and merthiolate 
with appropriate controls. The first set contained 12 units of diphtheria antitoxin per 
cc. of media, the second set 24 imits, and so on, increasing the concentration of antitoxin 
by 12 units per cc. of media imtil a concentration of 120 units per cc. was reached. 
Control series of merthiolate-horse-serum-control media were also prepared by adding 
these ingredients to the medium in concentrations equivalent to those present in the tubes 
containing 48, 84, 120 units per cc. of diphtheria antitoxin. A third set, a medium 
control, contained neither antitoxin nor merthiolate. 

Each series was then seeded with 0.5 cc. of the suspensions. The tubes were sealed 
with melted paraffin; needle puncture was made in each seal for gas exchange. The 
tubes were left in an incUned position for several hours so that excess moisture could be 
absorbed by the media. They were then incubated in an upright position at 37.5°C. 

Growth recordings were made at the end of fom: days, two weeks, three weeks and 
six weeks. 


RESULTS 

As indicated in chart 1, grondh of all strains of tubercle bacilli under test was 
inhibited by the addition of a sufficient concentration of diphtheria antitoxin. 
However, the amounts necessary to inhibit growth of virulent organisms are not 
consistently greater than those preventing growth of nonvirulent dissociants. 

The saprophyte, M. Phlei, reached approximately maximum growth at the 
end of four days in all tubes except those containing 120 units of antitoxin per cc. 
The growth was less rapid in that concentration and it required three weeks to 
reach more or less maximum extent. It vdll be noted also in this experiment 
that, on an average, at least twice as much antitoxin was required to inhibit 
the growth of the virulent strains of tuberlce bacilli as has been reported else- 
where (4). 

DISCUSSION 

Schain (4) has reported that the ‘Sirulence of tubercle bacilli may be measured 
in vitro by the extent to which the bacilli are inhibited in their growth by diph- 



498 


PHII/IP F. •WAGLET AND W. STEE>,*KEN, Jn. 


152 


ISO 


108 

X 

g 06 

t- 

s: 

^ 84 


£ * 7 ^ 

X 

H 

z 

CL 


60 


£i. 48 
o 




56 — f 


S 4 


IS 


O 



■I ■11 



12 5^56 


{£ 

- C'- 
to 

X 


7 

J 


’f?v"0ftGAI5«S FROM 
5 PUrA 


S 9 10 11 12 15 14 

H ^ X ^ uj 

C ^ ^ (33 cq 

XXX 

i-> ^ ^ 


X 

a 


✓ ^ 

Chakt 1. Units of diplitheria antitoxin necessary to completely prevent growth of acid- 
fast bacilli. 

theria antitoxin,” and “the amount of diphtheria antitoxin necessary to prevent 
the growth of tubercle bacilli appears to be inversely proportional to their viru- 
lence.” In our experiment, however, neither the tnrulent nor avirulent strains of 
human tubercle bacilli were inhibited as a group by any particular concentration 



VinULKNCB OF TUBEnCliE DACILBI 


499 


of diphtheria antitoxin. In other words, the effective inhibiting concentration 
of antitoxin varied from one .strain to another and over a wide range, irrespective 
of ^^nllcnce. There were no marked zones of inhibition produced by the anti- 
toxin that would act as a ba.sis for differentiating between virulent and avirulcnt 
human tubercle bacilli. 

The blood used in these tests was taken from a person with minimal inactive 
tuberculosis, but this factor was apparently not responsible for irregularities in 
the inhibitorj’ action of the diphtheria antitoxin. The rate of growth of the 
N-irulent human microoi-ganisms on the control media, ns ordinarily observed, was 
much more rapid than that of the a\'inilcnt ones Phici excepted); and the 
amount of growth of the mrulent microorganisms at the end of six weeks was 
indistinguishable from that of the amulent strains. We have chocked still 
further by repeating the same experiment on a much smaller scale but using 
blood of a normal iicrson. Tlic results were essentially the same as those that 
ha\'e been described. 


CONCLUSION'S 

1. Diphtheria antitoxin in certain concentrations inhibits the growth of both 
virulent and a\Trulcnt forms of human tubercle bacilli. 

2. In our hands, diphtheria antitoxin has proved to be valueless in measuring 
differences in virulence of strains of human tubercle bacilli. 

3. Under the conditions of the experiment, diphtheria antitoxin has only 
affected the growth of the saprophyte, M. Phici, in very high concentrations. 

CONCLUSIONES 

1. La antitoxina diftfirica a ciertas concentraciones inhibe el desarrollo de 
las formas tanto virulenta como avirulenta de los bacUos tuberculoses humanos. 

2. A los autores, la antitoxina dift<5rica no les resultd litU para medir las 
diferencias de virulencia entre cepas de bacilos tuberculoses humanos. 

3. En las condiciones del experimento descrito, la antitoxina dift4rica s61o 
afeetd el desarrollo del saprdfito, M. Phlei, a concentraciones altfsimas. 
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PERIODICALS DEVOTED TO TUBERCULOSIS IN THE 
UNITED STATES OF AMERICA 

ROBERT G. PATERSON* 

As one examines a current number of the American Review of Tuberculosis, 
there is a definite sense of satisfaction and pride that the tuberculosis movement 
in the United States has achieved a journal of such widely acclaimed scientific 
standing. 

Present day readers of the Review take for granted its regular monthly appear- 
ance. After a continuous run of twenty-seven years such an attitude is war- 
ranted. However, the establishment of this record was not without its early 
trials, nor was it the first periodical in the United States devoted exclusively to 
tuberculosis. There is evidence of at least 7 such journals preceding the Review. 

The attempt to trace the filiation of the periodicals devoted to tuberculosis in 
the United States follows a broken and tortuous path. Aside from the nation- 
wide sources, such as the Transactions of the American Medical Association 
(1-33, 1848-1882//)- and its Journal (V. 1, 1883 -f-), the Reports and Papers 
of the American Public Health Association (1-37, 1873-1912//) and its Journal 
(V. 1, 1911 4-), The Sanitarian (^^ 1-52, 1873-1904//), and the Tramaclions 
of the American Clinical and Climatological Association (1, 1884 +), w'here 
various phases of the tuberculosis problem w’ere discussed, there were several 
attempts to establish a journal devoted exclusively to tuberculosis.® Most of 
these ventures were short-lived. Yet they afford important sources of informa- 
tion concerning the early efforts to attack this major disease problem, both 
from the standpoint of the medical profession and of society at large. 

1899 — Medico-Legal Journal — New York: With Volume 17, No. 2, September, 
1899, the Medieo-Legal Journal* began devoting a portion of its pages to the 
problem of tuberculosis. It was published quarterly by the Medico-Legal 

* Secretary, Committee on Archives, National Tuberculosis Association. 

’ Symbols used : + publication current; .^publication ended. 

* There were several foreign periodicals devoted exclusively to tuberculosis which ante- 
dated or appeared about the same time as the first American periodicals. These were: 

1887 Etudes exp6rimenteles et cliniques sur la tuberculose, Paris. 

1891 Tubercolosi, (bi-monthly), Milan. 

1893 Revue de la tuberculose, (quarterly), Paris. 

1900 Oeuvre antituberculeuse, Paris. 

1900 Zeitschrift fiir Tuherkulose und Heilstattenwesen, Leipzig. 

1901 Tuberculosis, The Journal of the National Association for the Prevention of 

Consumption and Other Forms of Tuberculosis, (monthly), London. 

1902 Monatsschrift des Internationalen Centralbureaus zur Bekfimpfung der Tuber- 

culose, Leipzig. 

1903 Beitrage zur lOinik der Tuberculose, Wilrzburg. 

1904 Bulletin de la Ligue contre la Tuberculose en Touranie, (bi-monthly). Tours. 

■* The Medico-Legal Journal, V. 1-60, No. 1, June, 1883 to V. 60, No. 3, May-June, 1933, 

New York, New York. V. 1-32 published under auspices of the Medico-Legal Society of 
New York and included its transactions. 
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Society of New York. The editor was Clark Bell.® It recorded the transactions 
of the American Congress on Tuberculosis (1900-1913) the first organized at- 
tempt to grapple with tuberculosis on a national scale.® It printed many orig- 
inal articles dealing with the disease. After 1904, the year the National Tubercu- 
losis Association was organized, the Journal’s interest in tuberculosis, as revealed 
by articles and comment, waned and finally ceased in 1914. This was the first 
periodical in the United States to espouse the cause of tuberculosis both from 
the standpoint of treatment as well as prevention. 

1899 — Journal of Tuberculosis — Asheville, North Carolina.: At Asheville, 
North Carolina, Dr. Karl von Ruck'' began the publication of The Journal of 
Tuberculosis in 1899. It was a quarterly magazine devoted to the prevention 
and cure of tuberculosis. The subscription price was one dollar per year. 
Volume 1, No. 1, was issued in January, 1899. The purpose of the Journal was 
“what is hoped to be the gradual establishment of a representative publication of 
American endeavor and progress in dealing with the prevention and cure of 
tuberculosis.” . . . “It is the purpose of the editor not only to give his oum views 
and experiences, but to obtain original communications from others, to republish 
in full or by abstract, aU important communications on tuberculosis to current 
medical literature both in Emope and America, and in the editorial columns to 
freely discuss their respective merits.”® The Journal ceased publication with 
Volume 5, No. 4, October, 1903. Unfortunately, there was no editorial indi- 
cating the reasons for the cessation. As one examines these five volumes, the 
conviction grows that this Journal comes more nearly presaging the American 
Review of Tuberculosis than any of those which came upon the scene. 

1900 — Tubercle — Chicago, Illinois: In April, 1900, Dr. Thomas Bassett Keyes'® 
became editor of Tubercle, a monthly journal and review of tuberculosis. It was 
published at Chicago, Illinois and was the successor to The Journal of the Ameri- 
can Psychological, Medical and Surgical Society. This journal began in October, 
1897, and continued as such to March, 1900. Tubercle began -with Volume 4, 
No. 1, April, 1900 and finally ceased publication vith Volume 5, No. 3, Decem- 
ber, 1900. 

The sujrscription price was one dollar per annum. The number of pages varied 
from 16 to 32. Its contents consisted of articles copied from the current medical 

' Clark Bell (1832-1918) lawyer. Took up practice in New York City in 1864, was editor 
and publisher of Medico-Legal Journal 1883-1916. President Medico-Legal Society of 
New York for sixteen terms. Pounder American Congress on Tuberculosis. 

« See : Robert G. Paterson, Ph.D. : Antecedents of the National Tuberculosis Association, 
Historical Series No. 2, National Tuberculosis Association, New York, 1945. 

’Karl von Ruck (1849-1922) physician. Founder and medical director Winyah San- 
atorium, Asheville, North Carolina, 1888-1910. Education in Germany and M.D. from 
University of Michigan. Postgraduate work with Virchow and Koch. Was present 
March 24, 1882 when Koch announced the discovery of the tubercle bacillus. 

® V. 1-3 were edited by Karl von Ruck; V. 4-5 were edited by Karl and Silvio von Ruck. 

® op. cit. p. 1. 

Thomas Bassett Keyes (1874-1938) physician. Chairman of first organization com- 
mittee American Congress on Tuberculosis. 
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journals. It was also the medium for the American Health Resort Association 
as well as the Forum of Tuberculosis, Climatology and Hydrology which had 
their headquarters in Chicago. 

A review of its pages leaves the definite impression that the journal was 
founded with the express purpose of supporting the idea of climate, especially 
that of northern Wisconsin, in the treatment of tuberculosis. Doctor Keyes had 
established a healtii camp for the tuberculous at Butternut, Wisconsin. There 
was also open advocacy of certain drugs in the treatment of the disease. 

It is not surprising therefore, because of its motivation, that the life of the 
periodical was brief. 

1904 — Journal of the Outdoor Life — New York: Dr. Lawrason Bro^v^l^^ of 
Saranac Lake, New York began the publication of The Outdoor Life in February, 
1904. It was a monthly and was published at the Adirondack Cottage Sani- 
tarium (sic), Saranac Lake, New York. The subscription price was one dollar 
per year. The purpose of the journal was “to be helpful to all persons leading an 
outdoor life for their health, but particularly to be of assistance to the vast army 
of persons who are suffering from pulmonarj' tuberculosis, which is preventable 
and curable — curable not by patent medicines but onlj' by plenty of fresh air, 
rest at first and an abundance of nourishing food.” 

At a meeting of the Executive Committee of the National Tuberculosis Asso- 
ciation held on January 9, 1905, Dr. Hermann hlichael Biggs (1859-1923), of 
New York City, moved “that if suitable arrangements could be made with the 
publishers of The Outdoor Life the paper should be hereafter sent to all members 
of and contributors to the National Tuberculosis Association.”*- 

Beginning with Volume 2, No. 1, Februarj', 1905, the name was changed to 
the Journal of the Outdoor Life. It was published monthly at Saranac Lake, 
New York bj’- the Journal of the Outdoor Life Publishing Company of which 
Doctor Brown was president, secretary and treasurer. 

With Volume 3, No. 3, April, 1906, the journal became the oflScial organ of 
the National Tuberculosis Association. Three years later, mth Volume 7, No. 1, 
January, 1910, the journal was published at New York City as the official organ 
of the National Tuberculosis Association by a newly incorporated Journal of the 
Outdoor Life Publishing Company. Dr. James Alexander Miller, New York 
City, was president; Dr. Livingston Farrand (1867-1939) vice-president and 
treasurer; and Warwick S. Carpenter, secretary and managing editor. Car- 
penter was succeeded by Philip P. Jacobs, Ph.D. (1879-1940) as secretary and 
managing editor, with Volume 8, No. 5, May, 1911. 

This arrangement continued until Volume 19, No. 9, September, 1922, when 
the National Tuberculosis Association bought out the publishing company and 
became sole oumer of the journal. The editorial staff consisted of James Alex- 
ander Miller, M.D., editor-in-chief, and Philip P. Jacobs, Ph.D., managing editor, 

“Lawrason Brown (1871-1937) physician. Resident physician Trudeau Sanatorium 
1901-1912. Instructor Trudeau School of Tuberculosis 1914-1937. 

“ Minute Book, National Tuberculosis Association, 1904-5, pp. 91-92. 
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and eleven otliei* editors scattered throughout the country. Doctor Miller 
resigned as editor-in-chief with Volume 26, No. 8, August, 1929. 

With Volume 26, No. 9, September, 1929, the management was confided to 
an editorial board of fourteen members and Doctor Jacobs as managing editor. 
This arrangemenl continued until Volume 29, No. 6, June, 1932, when Doctor 
Jacobs was continued as managing editor. Miss Elizabeth Cole as associate 
editor and S. M. Sharpe as business manager. In September, 1932, Doctor 
Jacobs became editor and this arrangement continued imtil the journal ceased 
publication with Volume 32, No. 12, December, 1935, after tliirty-one years of 
continuous service. Its pages record the tuberculosis movement in this country, 
especially since 1910. 

1905 — American Journal of Tnbcrcidosis — Dclroit, Michigan: In May, 1905, 
there appeared The American Journal of Tttherculosis. It begun as a monthly 
and was published at Detroit, Michigan under the editorship of Ernest Lorenzo 
Shurly, M.D,^® The journal did not last long. Its life-cycle embraced Volume 
1, No. 1, May, 1905 to Volume 1, No. 4, August, 1905. The subscription price 
was one dollar per annum. Its format was excellent and the number of pages 
was 48 to each munber. 

The contents consisted of original articles, editorials, news comments and book 
notices. Doctor Shurlj’’ was a liigh-type educated physician and he put into 
the periodical a broad viewpoint concerning tuberculosis. Had it not been for a 
printers’ strilce in Detroit in August, 1905, it appears likely this journal might 
have become the tuberculosis periodical of this countrJ^ But the strike brought 
an end to Doctor Shurly’s efforts. 

1908 — Bulletin of the National Tubei'culosis Association — New York: In De- 
cember, 1908 the National Tuberculosis Association began the publication of a 
mimeographed Confidential Bulletin as a guide to administration of the state and 
local tuberculosis organizations. As nearly as can be ascertained the issuance 
of the Bulletin between 1908 and 1911 was at hregular intervals. Beginning 
with the September, 1911 issue it was published monthl 3 ^ In October, 1914 the 
Bulletin was changed from a mimeographed to a printed form and has continued 
to the present day. 

Beginning vdth Volume 16, No. 1, January, 1930, Philip P. Jacobs^^ and 
Elizabeth Cole were carried on the masthead as managing editor and executive 
editor, respectively. With Volume 22, No. 1, January, 1936, Doctor Jacobs was 
designated as editor and Miss Cole as associate editor. In Volume 24, No. 7, 
July, 1938, Doctor Jacobs was carried as editor and Miss Cole’s name does not 
appear. Daniel McCarthy became editor with V olume 25, No. 1, January, 1939. 
Miss Ellen Lovell was added as assistant editor with Volume 26, No. 5, May, 

“Ernest Lorenzo Shurly (1845-1913) physician. Associated with Detroit College of 
Medicine. A pioneer in the field of thoracic surgery. Established at Eloise, Wayne 
County, first camp in Michigan for the treatment of tuberculosis. 

Philip P. Jacobs, Ph.D. (1879-1940) Publicity 1908-11 ; assistant secretary 1911-20; 
publicity director 1920-29; publications and extension 1929-38; personnel training and 
publications 1938-40. National Tuberculosis Association, New York, New York. 
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1940. With Volume 29, J^'o. 7, July, 1943, hliss Lovell became editor. Miss 
Elizabeth Hodgson was added as associate editor vith Volume 30, No. 11, 
November, 1944. 

The Monthly Bulletin is the best single record available for the specific facts 
with respect to the development of the tuberculosis movement in the United 
States of America. 

1915 — Anli-Tubercidosis Bidlelin — Manila, Philippine Islands: In January, 
1915, Volume 1, No. 1, there appeared a tuberculosis journal published quarterly 
by the Philippine Island Anti-Tuberculosis Society at Manila entitled Anti- 
Tuhercidosis Bulletin. It was printed in English, Spanish, and Tagalog lan- 
guages. Dr. Jose FabeUa was listed as secretary and manj^ing editor witii the 
initial number and continued to December, 1916, Volume 2, No. 12. Beginning 
with Volume 2, No. 1-4, April, 1916, the Bulletin was issued as a monthly. 
With Volume 3, No. 1, March, 1917, it reverted to a quarterly and Dr. Antonio 
Hermandez was listed as editor. The Bulletin continued until September, 
1920 when it ended with Volume 6, No. 3. 

1917 — American Review of Tiiberctdosis — New York: As in the case of the 
Journal of the Outdoor Life, we find that at the organization meeting of the 
National Tuberculosis Association on June 6, 1904, Dr. John Bessner Huber 
(1864-1924) of New York City spoke on the advisability of a journal devoted 
e.xclusively to the work on tuberculosis.^ After some discussion Dr. Hederick 
Forchheimer (1853-1913), of Cincinnati, Ohio, moved “that it is the sense of 
this meeting that this association shah maintain a journal devoted entirely to 
the work of the society.”^® While this motion was adopted, yet Dr. Lawence 
Francis Flick (1856-1938) of Philadelphia moved “that the question of the main- 
tenance of a journal be left to the Executive Committee with instructions to 
report back to this Board its conclusions.”^^ This report seems never to have 
been made. 

It was not imtil March, 1917 that No. 1 of Volume 1 of the A7nerican Review 
of Tuberculosis made its appearance. It was published monthly at New York 
City by the National Tuberculosis Association. The purpose was stated as 
fohows: “. . . to offer all who are interested, a medium in which they can present 
their work and through which they can develop their views.”“ 

The editor-in-chief was Dr. Edward Robinson Baldwin of Saranac Lake, New 
York. The managing-editor was Dr. Allen I&amer Krause” of Baltimore, 
Maryland. There was an editorial board of six men located strategically 

Minute Book, National Tuberculosis Association, 1904-5, p. 42. 

Another and a major source of tuberculosis information is to be found in the publication 
of the Transactions of the National Tuberculosis Association which began in 1905 and has 
continued annually to date. 

op. cit. p. 48. 

15 American Review of Tuberculosis, V. 1, No. 1, 1917, p. 53. 

18 Allen Kramer Erause (1881-1941) medical research, assistant director Saranac Lake 
Laboratory 1909-16; director Kenneth Dows Tuberculosis Research Laboratory Johns 
Hopkins 1916-29; president and director The Desert Sanatorium, Tucson, Arizona, 1929-37 ; 
clinical professor medicine Stanford University 1929-37; lecturer Trudeau School of Tuber- 
culosis 1916-29. Trudeau Medal award 1931. 
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throughout the couIlt^ 3 ^ Doctor ICi-ausc succeeded Doctor Baldwin as editor 
witli Volume G, No. 1, ISIarch, 1922. . Except for changes in the editorial board, 
the j ournal continued for seventeen years under this arrangement. With Volume 
30, No. 1, July, 1934, Max Pinner, M.D., of Tucson, Arizona, w^as named assis- 
tant to the editor in w'liich capacity he served until Volume 32, No. 1, January 
1936. 

Doctor Pinner, then at Ithaca, New' York, became associate editor with 
Volume 36, No. 1 in July, 1937, after having taken over the editorial w'ork in 
hlarch, 1937 on account of Doctor Krause’s illness. Pinallj' with the January 
issue, Volimie 41, No. 1, 1940, Doctor Pinner, now of New' York City, became 
editor and Doctor I&ause editor emeritus. Doctor Krause served in tliis capa- 
cit 3 ' until his death in 1941. With Volume 41, No. 1, January, 1940 the Review 
became the official journal of the American Trudeau Societ 3 '. Beginning with 
Volume 44, No. 4, October, 1941, the Review sought to make its influence more 
wide-spread b 3 ' including a summary of each paper in Spanish. 

The Review has printed almost forty thousand pages of data on tuberculosis 
since it was established in 1917. During most of the years the National Tubercu- 
losis Association has had to demonstrate its faith in the value of the Review by 
making up publication deficits which, at times, exceeded $15,000 a year. To-day, 
the Review is published at a slight profit and enjo 3 's a w'ide circulation throughout 
the W'orld. In fact, during the war 3 'ears and for those years immediately after 
peace is established, the fuU usefulness of the Review w'ill be demonstrated as the 
only repository of cumulative information for the guidance of the rebuilders of 
public health services throughout Europe. 

Following the Review there have been several other journals devoted e.xclu- 
sively to tuberculosis w'hich have appeared. These have had a more restricted 
distribution on the w'hole as compared with the Review. However, each of these 
jornnals has attempted to fill a specialized need and so has made a contribution 
to the literature 

1935 — Diseases of the Chest — El Paso, Texas: In March, 1935, Volume 1, No. 1 
of a journal entitled Diseases of the Chest began publication at El Paso, Texas. 
It was the official organ of the Federation of American Sanatoria. Published 
monthly at two dollars per year, C. M. Hendricks, M.D. of El Paso served as 
editor-in-chief for Volume 1, No. 1, 1935 to Volume 3, No. 6, June, 1937. On 
June 7, 1937, the Federation of American Sanatoria became the American College 
of Chest Physicians. With Volume 3, No. 7, July, 1937, Frank Walton Burge, 
M.D., Philadelphia, became the editor-in-chief. With Volume 7, No. 8, August, 
1941, Ealph C. Matson, M.D.,"” Portland, Oregon, became editor-in-chief and 
served in this capacity to the time of his death. With Volume 9, No. 1, January, 
1943, the format of Diseases of the Chest was changed, the journal was enlarged 
and published bi-monthly at five dollars per year. Murray Kornfeld, Chicago, 
has been the managing editor throughout the life of the periodical. There are 
many articles of value in this journal. 

1936 — The Quarterly Bulletin of Sea View Hospital — Staten Island, New York: 


Died October 26, 1945. 
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In October, 1935, Volume 1, No. 1, of a journal of tuberculosis and chronic pul- 
monary diseases entitled The Quarterly BuUclin of Sea View Hospital began 
publication in New York City, It represented the clinical material, discussions 
and ideas of the staff of Sea View Hospital Icnonm as The Clinical Society of Sea 
View Hospital. The editor was Edwin R. Levine, M.D., assisted by an editorial 
board varying in number from ten to fourteen members. Published quarterly at 
two dollars per year, it ran each issue about one hundred twent}’- pages of ma- 
terial. With Volume 2, No. 3, April, 1937, the publication office was transferred 
to Staten Island, New York. The price was changed to tlmee dollars per year 
vith Volume 4, No. 2, Januar}’’, 1939. Publication was suspended for the dura- 
tion of the war with Volume 7, No. 5, October, 1942.^^ 

This journal was of a high order both as to format and content. There were 
many contributions in the clinical, pathological and X-ray areas. It carried, 
for example, the important and original ideas of Pol N. Coryllos, M.D.®^ in 
the field of surgery of pulmonary tuberculosis. 

19S7 — Tubcrculology — Denver, Colorado: In May, 1936 there was organized at 
Kansas Cit 3 '-, Missouri, the American Academy of Tuberculosis Physicians. The 
purpose of the organization was to alleviate the sufferings of the tuberculous and 
eradicate tuberculosis through scientific pursuits; to elevate the standards of 
physicians specializing in tuberculosis and allied diseases and to designate those 
qualified according to the best scientific and practical information available. It 
holds its annual meeting at the same time and place as the American iMedical 
Association. The headquarters are at Denver, Colorado. 

In December, 1937, Volume 1, No. 1 of Tuherculologij appeared as the official 
organ of the American Academy of Tuberculosis Phj'sicians. It is a monthly 
journal of about 28 pages in each issue and is distributed free to members and 
outstanding libraries throughout the world. The auditor-editor is H. J. Corper, 
M.D., Denver, Colorado. 


coNcnnsioN 

We have recorded briefly the publication of 11 major periodical sources of 
information devoted exclusively to presentation of the problem of tuberculosis 
in the United States. A review of the contents of these journals leaves an im- 
pression of great unevenness in material and purpose. The effort to arrive at a 
high scientific standard of discussion was a long one. The struggle to achieve 
a wide-spread audience W'as even more difficult. We believe the record will sub- 
stantiate the conclusion that, judged from the scientific viewpoint, the American 
Review of Tuberculosis has not only acliieved preeminence in the United States 
but has dso carved out for itself a top-ranking place in the literature of tuberculo- 
sis throughout the w'orld. 

Publication has been resumed as of January, 1946; Edward Robitzek, M.D., Editor. 

-■ Pol N. Coryllos (18SO-193S) professor of clinical surgery, medical college of Cornell 
University 1923-1928; director of thoracic surgery at Metropolitan Hospital and Sea View 
Hospital, New York 1923-38. 
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CONCLUSIONES 

Versa estc estudio sobre once importantes fuentes peri6dicas do informacidn 
dedicadas exclusivamente a presentar el problema de la tuberculosis en Estados 
Unidos. Un repaso del contenido dc esas re\istas deja la impresibn de que varian 
mucho en contenido y propdsitos. El csfuerzo realizado para alcanzar un alto 
nivel cienttfico en la exposicidn ha sido prolongado y la lucha para alcanzai- a un 
pdblico amplio resultd toda\da mds diflcil. Los dates disponibles comprobardn 
la conclusidn de que, juzgada desdc cl punto de vista ciontifico, la American 
Review of Tubcrcuhsis no tan s61o ha alcanzado la cuspide en los Estados Unidos, 
sino que se ha labrado un puesto soberano en la literatura tuberculosa de todo 
el mundo. 



3^alpfj C. iHatsion 

1880-1945 

The name of Ralph C. Matson is in the vanguard of those medical pioneers 
who opened and developed the field of thoracic surgery. He was that rarity in 
any profession, a truly great innovator; and those who follow owe him an un- 
payable debt for what he has accomplished; while those who had the privilege of 
kno^ymg him personally feel an additional benefit, a greater impetus in their own 
endeavors from their contact with his buoyant spirit- It is to be hoped that in 
time a biographer for Ralph Matson -will appear; for his achievements, his history 
and his personality are all equally good material for a legend, a true American 
legend of individual achievement with color and action and humor enough to 
carry the reader, with little help from the author. 

Ralph Charles Matson was bom in BrookviUe, Peimsylvania, in 1880. His 
family moved to Oregon in his childhood. As a young man he attended and in 
1902 graduated from the University of Oregon Medical School with his twin 
brother, Ray. Thereafter he took postgraduate work at St. Mary's Hospital, 
London, Cambridge University, the University of Vienna, the Academy of 
Medicine, Dusseldorf, Germany, the University of Paris and the University of 
Berlin. In the first World War he was an honorary Lieutenant in the Harvard 
University Surgical Unit with the British Expeditionary Forces in 1916; Captain, 
Royal Army Medical Corps, and Major, Medical Corps, U. S. Axmy m 1917; 
Chief Medical Examiner and Tuberculosis Specialist, Camp Lewis, 1917-1919; 
Chief of Medical Staff at Fitzsimons General Hospital, Denver, 1919-1920; and 
since then Lieutenant-Colonel, Medical Reserve Corps. His affiliations with 
medical societies, both national and international, are too niunerous to mention 
except for a few— his Fellowship in the American College of Surgeons, the Amer- 
ican College of Physicians; his past-presidency (1939) of the American College of 
Chest Physicians, and Presidency of the National Tuberculosis Association, His 
time was largely ^ven in later years, aside from his large private practice, to the 
University of Oregon Medical School, on whose faculty he had served since 1903, 
to his post as Chief Surgeon of the University State Tuberculosis Hospital in 
Portland, and to his editorship of the publication Diseases of the Chest. 

As a physician, Doctor Ralph never spared for himself a moment to which he 
thought his patients were entitled. They were not technical problems to him — 
but whole hmnan beings, and he was passionately devoted to the cause of helping 
each one of them. Few doctors have had a greater following of devoted patients 
than he, although he was sharp in the face of weakness or dishonesty and un- 
compromising in his recommendations for medical care. No consideration ever 
transcended that of his patients’ interests. 

As an innovator. Doctor Matson’s work in intrapleural pneumonolysis is one of 
the milestones in collapse therapy, and is internationally recognized. His in- 
struments are known and widely used by thoracic surgeons everywhere, and many 
have come from all over the world to learn his matchless technique in the severing 
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of plf’uml ;ullu‘Mons. lie \\;h, of ooiux'. ono oflln* cnrlioM :i(ivoc;i(os of llio forni^ 
of collnp'i' tlu'papy now >o i;('nor;iily nroojjtoil. ami nont' could ('vcn hazard an 
o.'timato a^- to the inunher of caM's of luinr tliM-aM- which have luaieiiled hy his 
pioiu'crintx action, liiv linn .and .‘'Ure convictions, his tin'lc'.*;- opiaalinj: and sci- 
(>ntilic writing: in thi- lelalivcly new lield. He heli)ed iininea.surahly to Iniild a 
'•ironK-'-ound ba'c ton .'-pecialty that i-- olTciiima K'prieve to tliomands who would 
othcrwi'-c he eliininanal hy tidaaaath ms or other client di'-ea'-e^. 



l\ntplj C. iiTnIson 
1650-1043 


-Vs a teacher, Doctor Ralidi’.s vivid finality was undiminished. Many men of 
action, or of research, arc famou.sly poor teachers. They can work but they 
cannot convey; they can recite facts, but not create inspiration. Around Inm 
enthusiasm was like a contagion. Xo one who ever sat wdth him in conference 
will ever forget the stimulating ciuality of his electric personality. The weekly 
.stalT meetings, at the Dnivensity State Hospital, thrived with virulent expression 
of divergent views under his broad guidance. lie had no patience with ineptitude, 
with carelessness or neglectfulness. Yet he showed cndle.ss patience with the 



olO 


IK MEMOniAM 


willing and eager student. His under-standing of youth and his tolerance never 
waned, qualities ivhich, with his debonair appearance, made him seem ageless. 

As a man, Doctor IHatson lived life fully and well. He filled each moment to 
the hilt — working with great earnestness, or playing with great zest, giving his 
buoyant enthusiasm to surgery or to polo — somehow achieving a constant pace 
that seemed to include no moments for sheer rest. His prankisluiess was well 
knoini to his friends, and the merriment of his eyes and his laughter were an 
overflow of his spirits that would have reached the humor of the most prosaic. 

On October 26, 1945, Ralph C. Matson passed away at the Portland Open Air 
Sanatorium, the hospital in which much of his original woi’k had been accom- 
plished. Although his struggle with bronchial asthma had been long and dis- 
couraging, it is almost impossible to realize that his life is over. He seemed to 
have a great and inexhaustible fund of youth. The energy' with which he lived 
and worked seems still to be in motion. Had he sjiared himself a little, he might 
ha%o h'\'ed a few years longer, but then he would not ha^'e been Ralph Itfatson. 
One cannot mourn him without also feeling thankful that life was so abundant in 
this generous, brilliant and creative man. He will long continue to e.xist in his 
achievements and in the memory of those who knew him. 


William S. Cokklik 



A DEPOT FOR STANDARD CULTURES OF TUBERCLE BACILLI 

Report of the Committee on Standard Cultures of the Medical Research Committee 
of the National Tuberculosis Association 

Dr. Leroj' U. Gardner, Chairman 
Dr. William H. Feldman Mr. William Steenken, Jr. 

Dr. Max B. Lurie Dr. William Charles Wliite 

■ Dr. M. I. Smith Dr. H. Stuart Willis 

The Committee on Medical Research of the National Tuberculosis Association 
has agreed that the time has come to encourage the use of strains of tubercle 
bacilli whose origin, type and virulence are known and can, vithin limits, be 
guaranteed. The need for standards is particularly ob\dous in some of the re- 
ports of animal or other methods of assay of compounds proposed for the treat- 
ment of tuberculosis, in which evidence of fuU virulence of the infecting organ- 
isms is lacking or at least questionable. Moreover, it is now apparent that 
possible influences of Aurulence were not given due consideration in much of the 
chemical research upon the tubercle bacillus which has been sponsored by the 
Committee. Accordingly a Subcommittee was appointed to investigate the 
possibility of establishing a depot, supported by the National Association, for 
the maintenance of a limited number of standard cultures of tubercle bacilli 
whose virulence could be assured by controlled methods of cultivation and fre- 
quent animal tests. If this were feasible it was proposed to distribute without 
cost, to any qualified investigator, transplants of such cultures together vith 
information on the history of the strain and data on the dosage required to pro- 
duce particular effects. The only stipulation to the recipient would be the re- 
quirement that he mention in every report the fact that he had used one of these 
standard cultures. 

The members of the Subcommittee, whose names are carried vdth this report, 
have met and decided to assume responsibility' for this actmty. A Depot is to 
be established at the Clinical and Research Laboratoiy in Trudeau Sanatorium 
under the immediate supervision of its bacteriologist, Mr. William Steenken, Jr. 

It was agreed that at the outset the Depot should maintain the follondng strains 
of tubercle bacilli whose history and characteristics are widely known : 

1: The Attenuated Human Strain, Rl, using only its more virulent rough variant (Rv) 
(For vaccination experiments in animals.) 

2: The Moderately Vii-ulent Human Strain, H37. 

(a) Its more wrulent rough variant, Rv. 

(b) Its avirulent rough variant, Ra. 

3: The Virulent Bo-vine Strain, “Ravenel.” (Violent rough variant, Rv.) 

J; The Virulent Avian “Strain 30,” Phipps Institute. (Virulent smooth variant Sv.) 
S: A Fully Virulent Human “Gary Strain,” Maybury Sanatorium. (Virulent rough 
variant, Rv.) 
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The last culture was selected from a number of possibilities because it had been 
used without appreciable loss of virulence for a period of seventeen years and the 
effects of dosage had been established by long experience. 

It was agreed that certain other strains like D.T,, originating in the Hygienic 
Laboratory, from which the Standard Tuberculin, PPD, had been made, should 
be investigated and their present characteristics established. 

The low virulent R1 strain and the avirulent dissociant of H37 are also in- 
cluded as they are good immunizing agents in guinea pi^. 

Originally the Committee intended to include the attenuated strain, BCG, to 
be supplied with instruction that transplants were to be used only for animal 
experimentation. Subsequent reflection indicated that this proviso could not be 
enforced. It was, therefore, decided to eliminate this strain since the Depot will 
not have facilities to maintain the essential safeguards proposed after the Liibeck 
disaster. 

The Committee accepts the following nomenclature for dissociants of M. 
ivbemilosis: 

Ha to designate awrulent organisms of rough colonies. 

Rv to designate virulent organisms of rough colonies. 

Sv to designate virulent organisms of smooth colonies. 

Transplants of these cultures are now in the hands of our bacteriologist who 
will make a thorough study of each of them to determine their present condition, 
possible partial dissociation and virulence for appropriate animal host. 

When pure line strains have been obtained from each they wfll be maintained 
on a standard medium. Animal inoculations will establish the dosage necessary 
to produce various kinds of disease and the probable duration of life. 

Routine tests of virulence will be made at least once a year but, in addition, 
the Depot will receive frequent reports from the respective laboratories of the 
Committeemen who are using these cultures in routine e.xpeiiments. The Com- 
mittee will also collect and tabulate data from all publications by others who may 
use these strains. By these means a constant check upon virulence and purity 
of the strains should be possible. 

Investigators desiiing transplants of such strains should apply to: The Na- 
tional Tuberculosis Association Standard Culture Depot, Attention : Mr. William 
Steenken, Jr., Trudeau, New York. 

Within three weeks they will receive, free of charge, a fresh transplant of the 
type of organism desired with an outline of its history, its current virulence for 
the common laboratory animal and the dosage required to produce various effects. 

Recipients will be expected to indicate in all publications that they have 
worked with one of the standard type cultures, the date of its receipt from the 
Depot and if it was subsequently transplanted in their own laboratories, the type 
of medium employed and the number of subculture generations since its receipt. 

For the information of prospective applicants, the Committee has agreed upon 
the following procedures which will be adopted as standard in the Depot. If 
subsequent experience indicates a need for changes, these will be indicated in 
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bulletins published by the Committee in the American Reyiew op Tubercu- 
losis and in the Bulletin of the National Tuberculosis Association. 

Standard culture medium: Until further notice aU cultures will be maintained 
and dispensed upon Proskauer and Beck’s fluid medium. Experiments with 
certain solid media will be carried on but at the present time it is believed that 
many such media tend to favor loss of virulence. 

Transplant period: Every three w'eeks. 

Frequency of formal virulence tests: One a year, but see above. 

Animal hosts: Guinea pigs and rabbits. 

Minimal number of animals for each virulence test: 5. 

Weight of such animals: Guinea pigs, not less than 400 grams. 

Rabbits, not less than 2 kilograms. 

Type of inoculations: Guinea pigs, subcutaneous. 

Rabbits, intravenous. 

Preparation of suspensions: Growih from fluid medium is triturated in an agate 
mortar with a minimum amount of physiological salt solution until a homogenous 
paste is formed. This is taken up in about 10 ml. of saline and centrifuged at 
low speed for about two minutes to remove gross clumps of organisms. 

To standardize the resultant suspension, an ahquot portion of the filtrate is 
removed to a watch glass, evaporated over a water bath and dried to constant 
weight. With allowance for the salt content, the weight of baciUi per ml. in the 
remainder of the suspending fluid can then be calculated. This method is more 
accurate than the common practice of partially drying the organisms by pressure 
between layers of filter paper. 

Dosage: 

Dry weight of organism in an aliquot portion of suspensions. 

For guinea pigs, subcutaneous, 0.001 mg. human and bovine virulent 
and low vunlent strains. 

For rabbits, intravenous, 0.01 mg. bovine and avian strains. 

Time limit of virulence tests: 

Guinea pigs, all survivors of virulent infections to be killed fifty-six days 
after infection. 

Rabbits, all survivors of bovine inoculations to be killed ninety days 
after infection. 

Rabbits, all survivors of aidan inoculations to be killed twenty-eight 
days after infection. 

Severity of disease indicative of full virulence: 

(a) Guinea pigs — ^Extensive gross tuberculosis of spleen and lymph 

nodes with or without other visceral involvement. 

(b) Rabbits, bovine infection — ^Extensive gross tuberculosis of the 

lungs, with or without involvement of the kidneys 
and other viscera. 

(c) Rabbits, avian infection — ^Either early death from Yersin form of 

tuberculosis with hypertrophy of liver and spleen and 
great numbers of bacilh in smears or later deaths with 
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gross miliarj' lesions throughout the spleen and 
smaller numbers of pin-point tubercles in the lungs. 
Sa'crity of disease after injection of low viridait organisms: 

(a) Guinea pigs (Rl) — Proliferative, caseous involvement of regional 
IjTnph nodes with occasional localized tubercles in 
spleen. 

(H37 Ra) Local h'mph node lesion only, rcsoh-ing in 
five to sLk months. 



NOTICE 

American Public Health Association 

The Executive Board of the American Public Health Association announces 
the 74th Annual Meeting of the Association to be held in Cleveland, Ohio, the 
\Ycek of November 11, 194G. 

This ^'.dll bo the first full-scale convention of tliis professional society of public 
health workers since 1942. In 1943 and 1944, streamlined wartime congresses 
on public health were held and in 1945, for the first time in its liistory, the 
organi 2 ation held no Annual Jilceting. 

An attendance of 4,000 is anticipated, representing everj’’ state in the United 
States, Canada, South America and manj’- countries outside this hemisphere. 

Dr. Harold J. Knapp, Cleveland’s Health Commissioner, has been appointed 
the Chairman of the Local Committee. 
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RESULTS OF BCG IMMUNIZATION IN NEW YORK CITY’- 

MILTON I. LEVINE and ^LVT^GARET F. SACKETT 

Since 1022, when Calmette suggested vaccination of human beings against 
tuberculosis by means of BCG vaccine, more than 2,000,000 children liave been 
vaccinated throughout the world. The majority cf these vaccinations have been 
performed in various eountries of Europe, Africa and Asia, although they have 
been used to a lesser degree in North and Soutli America. 

IMost reports have been optimistic, but the vast majority of these studies have 
been inadequatelj* controlled. The verj' nature of the problem makes selection 
of controls a difficult one because of the many factors which may influence the 
incubation and the clinical course of tuberculosis. Ideal control ■would call for 
consideration of the following variables: 

Enviro7imcnial Conditions 

1. Intelligence and cooperation of parents. 

2. DifTcrence in localities 

3. DifTercnces in time during which controls and TOccinated cases were studied. 
Exposure Conditions 

1. Frequency of exposure. 

2. Amount of sputum expectorated. 

3. Number of microorganisms in sputum. 

4. Intensity of exposure. 

Other Factors 

1. Age at first exposure. 

2. Racial dilTerences. 

3. Reliable diagnosis at death. 

4. Identical follow-up of control and vaccinated cases. 

5. Maintaining contact with all cases. 

G. Freedom from exposure for similar periods in both groups, if separation is advisable 
for either group, 

7. Study of adequate numbers of subjects to minimize results of chance distribution. 

In no study thus far reported have all these factors been considered and ade- 
quately controlled. In some studies the mortality rate from tuberculosis of the 
general population was compared -snth the vaccinated group; in others a different 
age group ser\’’ed as a control; in some the tuberculosis mortality of vaccinated 
cluldren was compared vith the tuberculosis mortality of pre'vious years; in 
other studies the controls comprised cases where vaccination was refused; in still 
others the control group was less carefully followed than the vaccinated group; in 
one study, onlj’- the vaccinated cases were temporarily separated from the tuber- 
culous source. In many observations controls were entirely omitted. In 
brief, then, conclusions stemming from most of the pre'vious work are open to 
criticism. Table 1 includes most of the reported studies with the manner of 
control selection. 

' From the New York Hospital and the Department of Pediatrics, Cornell University 
Medical College, and the Bureau of Laboratories, New York City Department of Health. 

* Aided by a grant from Mead Johnson & Company, Evansville, Indiana. 
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Other fiuthors who have published favorable studies on BCG inoculation, but 
who based their findings on comparisons in general mortality rather than tuber- 
culosis mortality of vaccinated children and controls, arc: Gonsala (Spain) (1); 
Landa (Spain) (1) ; Mallard (Gold Coast) (1); Kenn (Gold Coast) (1); Dvorschak, 
Schlachter, Kuksar (Hungaiy) (1); Blanshard (Dakar) (1); Serqut, Ducros, 
Eougebief (Mgcria) (1); Girard (IMadagascar) (1); Danicek (Czecho-Slovakia) 
(17); Prokopowics Wicrabowska (Poland) (19); Lotty (France) (1); Brelion 
(France) (14); Gudrin (France) (12); Weill-Halld (France) (13); Paraf and 
Boissonet (France) (8). 

In December, 1926, a study of the efficacy of the BCG vaccine was undertaken 
by the Bureau of Laboratories of the New York City Department of Heath, under 
the direction of the late Dr. Wilham Hallock Park (23). After numerous animal 
experiments had proved the vaccine to be harmless the vaccination of children 
was begun (24), 

Up to January 1, 1944, 2,084 children of tuberculous families had been followed, 
of which 1,011 were vaccinated and 1,073 held as controls. The children were 
followed for var 3 nng periods according to their date of birth. Some were followed 
for varjnng periods according to their date of birth. Some were followed as 
long as sixteen j'ears, while the children last taken up for studj’^ have been followed 
at least five years. The present paper confines itself to the first five years of life 
not only because all children were followed for at least that period of time, but 
because, with only one exception, all tuberculous deaths occurred in that age 
group. 


JEETHOD OF STUDY 

All children were referred from various tuberculosis clinics and hospitals in 
New York City. They were all from tuberculous families and, with rare excep- 
tions, were placed under observation before they were 12 months of age, many of 
them during the first four weeks of life. No cliildren were accepted for study 
after one month of age unless tuberculin tests up to 1.0 mg., roentgenograms and 
ph 5 ’^sical examinations were negative. 

In the first two years of study the vaccine was given orally during the first ten 
days of life. By this method approximately 50 per cent developed positive 
tuberculin reactions. Thereafter the parenteral 'method of vaccination was used 
and it resulted in approximately 85 per cent positive tuberculin tests. 

An attempt was made to follow the vaccinated and conti-ol cases vnth equal 
care. Tliey were visited every month by staff nurses, and every three to six 
months by staff pediatricians. Tuberculin tests and roentgenograms were taken 
at fairly regular intervals. 

Intracutaneous tests were performed by one of the staff pediatricians with 
freshly diluted Old Tuberculin furnished by the Department of Health of New 
York City. The routine dose of tuberculin was 0.1 mg., the dose being raised to 
as high as 10.0 mg. in certain instances. The reactions were read and measured 
at the end of forty-eight hours by specially trained nurses. 

At the start of the work an attempt was made to control the study by dividing 
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accepted children into two equal groups; those to be vaccinated and those servdng 
as controls. Under this system a physician was assigned to a number of cases 
and was told to vaccinate half of the group. Subsequent experience has shown 
that by this method of selection the tendency was to inoculate the children of the 
more intelligent and cooperative parents and to keep the cluldren of the non- 
cooperative parents as controls. This was probably of considerable error since the 
cooperative parent will not only keep more careful precautions, but will usuall}’’ 
bring the child more regularly to the clinic for instraction as to child care and 
feeding. 


TABLE 2 


Resxills Jamiary /, 193S — Prior to institution of alternate selection 



1 

1 

CAses j 

TUBERCULOSIS DEATHS 



Number 

Per cunt 

Vaccinated 

1 

445 

3 

0.68 

3.38 

Controls j 

545 

IS 



TABLE 3 


Comparative results before and after alternate selection 


i 

CAStS 

! 

TUBERCULOSIS DEATHS 


Number 

Per cent 

Total Cases i 




BCG vaccinated 

1,011 

11 

l.OS 

Controls 

1,073 

26 

2.42 

Cases 12/15/26-1/1/33 (before alternate selection) 




BCG vaccinated 

445 

3 

0.6S 

Controls 

545 

IS 

3.38 

Cases 1/1/33-1/1/44 (after alternate selection) 




BCG vaccinated , 

566 , 

8 , 

1.41 

Controls 

1 528 

8 

1.51 


This arbitrary division of cases for %'accination and controls was followed from 
1927 to January 1, 1933. In all, 990 children were studied, 445 of whom were 
vaccinated. The results are shown in table 2, 

The procedure of selection was changed on January 1, 1933, so that alternate 
children were routinely vaccinated, the remainder serving as controls. The 
selection was made at headquarters as soon as the names were received and before 
they were assigned to staff pediatricians. If a family appeared very uncoopera- 
tive it was not taken up for study. Certain other cases were dropped if within a 
short period of time the tuberculous member of the familj' died in the hospital 
without ever having e.xposed the child. In some instances the tuberculin test on 
the first ^^sit proved positive, a result which also caused the elimination of the 
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child from the study. These conditions, then, were responsible for the difference 
in number of controls nnd vaccinated children. 

A total of 1,094 children were studied; 566 vaccinated (all intracutaneously 
^vith 0.15 mg. BCG) and 528 controls. The results of this period of alternate 
selection as compared with the previous period are shown in table 3. In the 
first period the tuberculosis mortalitj’’ of the controls was over four times that of 
the vaccinated group; in the second period, the figures were essentially similar. 

DISCCSSIOX 

In order to determine the effect of alternate selection on 'parental cooperation, 
the first year clinic \’isits were tabulated for the two groups before and after 
January 1, 1933, since attendance at the clinic was advised but not forced 
(table 4). 

Another criterion of the degree of cooperation was the type of care the child was 
given as judged b 3 ’’ the Ausiting nurses regardless of attendance in BCG clinics. 


TABLE 4 

Average number of clinic visits during first year 



VACexSiATED CASES 

CONTROLS 

Before 1/1/33 

3.6 

1.7 

After 1/1/33 

2.8 

2.4 



TABLE 5 

Good codperation of parents (per cent) as judged by visiting jixtrses 



VACCINATED CASES 

CONTROLS 


43.1 

23.8 

33.5 

After 1/1/33 

39.7 



since a few of the children attended other clinics. The opinion of these nurses is 
sho'WTi in table 5. 

These figures as well as the number of clinic visits in the first year would tend 
to show that the cooperation of the vaccinated group was appreciably greater 
than that of the control group prior to the period of alternate selection, with 
considerably closer approximation in this latter period. 

As already stated, other variables besides cooperation might have caused this 
shift in mortahty rates. These factors required appraisement before acceptance 
of the final figures; 

(a) Differences in exposure to positive sputum between the two groups before and 
after January 1, 1938: Table 6 shows that changes in exposure were so slight that 
their influence on the comparative results is probably negligible. It is interesting 
to note how similar was the degree of exposure in the two groups after the institu- 
tion of alternate selection. 
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fb) Differences in racial distribution of vaccinated and control cases in the tm 
periods: This factor is of potential importance in liew of the high tuberculosis 
mortality among Negroes. Here again, the eiudence is of a negative nature 
(table 7). There is a proportional increase in the percentage of Negro infanta 
in both vaccinated and control groups after January 1, 1933. It may be noted 
that there was a greater increase in vaccinated Porto-Eican infants oi'er controls 
after this same date, but deaths from tuberculosis among this racial group dimin- 


T.ABLE 6 
Exposure 



i 

TOTAL 1 
CASES 

+ sruTUif 

E>3»0SCRE 

— spCTiru 
rxrosuiii: i 

NO EXPOS'CXE 



Number 

Per cent 

Number 

Per cent 

Xumber 

Per cent 

Cases 12/15/26-1/1/33 (before | 
alternate selection) 

BCG vaccinated 

1 

445 

1 

i 

214 

1 

j 

48. 2 

i 

i 

119 

26.7 

112 

25.1 

Controls 

545 

2S6 

52.6 

185 

? 34.0 

i 

73 

13.4 

Cases 1/1/33-1/1/44 (after alter- 
nate selection) 

BCG vaccinated 

566 

29S 

52.6 

I 

233 

1 

1 

41.1 

35 

6.3 

Controls 

52S 

276, 

' 52.2 

225 

42.6 

27 

5.1 


TABLE 7 
Racial distribution 



TOTAL i 

WHITE 

NEGRO 

PORTO RICAN 


LIASES 

i 

Number 

Pec cent 

Number 

Per cent 

Number 

Per cent 

Cases 12/15/26-1/1/33 (before 
alternate selection) 

BCG vaccinated 

1 

445 

335 

75.0 

! 

63 

1 

14.0 

45 

11.0 

Controls 

545 

409 

75.0 

66 

12.1 

70 

12.8 

Cases 1/1/33-1/1/44 (after alter- 
nate selection) 

BCG vaccinated 

566 

344 

60.8 

1 

lOS 

I 

i 

19.0 

113 

20,0 

Controls 

52S 

1 

352 

66.6 

SS 

16.6 

So 

16.2 


ished rather than increased without relation to vaccination after alternation of 
cases was instituted. The change in mortality among controls in the two periods 
is found in the group of white infants whose percentage of tuberculosis dropped 
from 2.2 before January 1, 1933 to 0.28 per cent after. 

(c) Differences in economic conditions of the two groups before and after January 
1, 19S3: This also does not appear to be of importance (table 8). The increase 
in poor economic condition of families taken up after 1933 coincides with the 
period of national depression. The figures show an increase in poor economic 
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conditions of both vaccinated and control cases after January 1, 1933, although 
nrore pronounced among tha^o vaccinated. 

However, the tuberculosis mortality did not vary directly with the earning 
conditions, as evidenced by a tabulation of total cases, 1926-1938 (table 9). 

(d) Could (he difference in (uhcrcidosis inorlaliln between the periods before and 
after January 1, lOSS be due to a change in the number of eases lost? In the latter 


TABLE S 
Economic conditions 



j 

CAsrs 

coon rARKiKc 

COST)lTlOKS 

TAIR rARKlNC 
COM31TIOKS 

POOR EARNIKO 
CONDITIONS 



>ruinl>cr 

Per cent 

Number 

Ter cent 

Number 

Per cent 

Cases 12/15/26-1/1/33 (before 
alfcrnatc selection) 

BCG vaccinated 

438 

139 

31.8 

1 

26.4 

183 

41.4 

Controls 

M5 

138 

25.3 

■1 

27.7 

250 

47.0 

Ca.‘:cs 1/1/33-1/1/44 (after .alter- 
nate selection) 

BCG vaccinated 

561 

93 

1G.5 

125 

22.1 

346 

61.3 

Controls 

528 

79 

15.0 

159 

30.1 

290 

64.9 


TABLE 9 

Relation of earnings to tuberculosis mortality 


rjMlNIVC CONDITION 

1 

TOTAL CASTS 

TUDKRCULOS15 

NUUDTR 

DEATHS 

PER CENT 

Vaccinated cases 




Good 

233 

3 

• 1.29 

Fair 

2-11 

1 

0.41 

Poor 

528 

G 

1.13 

Controls 




Good 

222 

2 

0.90 

Fair 

304 

10 

3.25 

Poor 

547 

9 

1.64 


Poor = 0 to $4.00 per week per person. 

Fair = $4.00 to $8.00 per week per person. 
Good = $8.00 and over per week per person. 


period, the number of lost cases among both controls and vaccinated cases was 
considerably smaller than in the previous years. There W'as no evience to show 
that this factor had any bearing on the shift in mortality (table 10). 

(e) Variations in the number of atdopsies performed in the two periods might 
be implicated as a cause for the variance in tuberculosis mortality figures. A 

* During this period, of the 78 eases lost, 62 moved from New York to other localities and 
26 cases moved and could not be traced. An investigation by the Bureau of Vital Statistics 
of New York City failed to reveal any of the lost cases among the recorded deaths. 
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pre^nous paper (22) has emphasized the importance of postmortem examinations 
in arrhdng at an accurate diagnosis. Autopsj* records are shonm in table 11. 
The figures show how much greater was the opportunity for accurate diagnosis at 
death in the group taken up after January 1, 1933. There is no evidence that 
this increase in autops3’’ examinations had an}' boiring on the shift in tuberculosis 
mortality. 

(f) Since the tuberculosis mortalitj' of the vaccinated cases increased after 
January 1, 1933, the question also arises as to whether there was anj' loss m ihc 


T-ABLE 10 
Lost cases 



TOTAL CASnS 

LC 

Number 

15T 

Per cent 

Before 1/1/33 




Vaccinated 

445 

100 

22.47 

Controls 

545 

127 

23.30 

After 1/1/33 




Vaccinated 

566 

29 

5.12 

Controls 

52S 

49 

9.2S 


TABLE 11 

Postmortem examinations before and after January J, 19SS 



TOTAL CASES 

i 

TOTAL DEATHS 

ACTOPSEES 


Number 

Per cent 

Before 1/1/33 

j 




Vaccinated 

445 

36 

17 

47.1 

Controls 

545 

46 

IS 

39.1 

After 1/1/33 





Vaccinated 

566 

22 

17 

77.2 

Controls 

52S 

33 

20 

60.6 


activity of the BCG vaceme. A liistor}' of the BCG vaccine used in the New York 
Study is as follo\vs: 

The original BCG culture was obtained b}' Dr. William H. Park from Calmette 
in 1926 and brought to the United States. Strains of this cultiure were sent to the 
Mt. McGregor Sanatorium and to the Phipps Institute. This culture was used 
in the preparation of the vaccine until late in 1932 when it became contaminated 
bj' molds. Pure cultures were at last obtained b}' the antiformin method and 
plated on media containing aniline dj'es (Loewenstein’s and modified Petroff 
medium). Meanwhile, subcultures were obtained from the Phipps Institute. 
These cultures were used alternately for vaccine for a period of one j-ear. After 
this time both cultures were used without selection. Afirulence tests were made 
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at throe-mont.h intervals but no tests were made for potenc}'. However, it is to 
be noted that the percentage of positive tuberculin reactions resulting from the 
BCG inoculations did not decrease after January 1, 1933, there being 87.1 per 
cent before ns against S7.G per cent after that date. It scorns logical, therefore, 
to accept the grouj) of cases obtained through alternate selection as a fair basis 
for study of the efficacy of the BCG inoculation against tuberculosis. 

The children taken up after January 1, 1933 have further qualifications, besides 
the close proportion in relation to exposure, Avhich make them favorable for study. 
All were, taken up when thej’ were under one year of age, thej' were all inoculated 
intracutaneously and received a standard dosage of 0.15 mg. BCG vaccine. 

Before these results may be accepted as demonstrating the inadequacy of BCG 
vaccine as a prophjdactic measure against tuberculosis, several further possible 
influencing factors must be considered. 

In the first place, since it takes six to eight weeks for a tuberculin reaction to 
become positive after infection with the tubercle bacillus, is it not possible that 
certain of the children who died had tubercle bacilli already in their bodies but 
were still in a pre-allergic phase when tuberculin tested before receiving the 
BCG vaccine? And could it be possible that some of these vaccinated cases were 
exposed massivelj' to positive sputum immediately after vaccination and before 
the vaccine had an opportunit}’' to exert its effect? A summary of all tuberculosis 
deaths among BCG vaccinated cases (shown in table 12) reveals the following: 

(1) All 11 cases were exposed to positive sputum. 

(2) All cases except one (N. M.) were definitely exposed to virulent human 
tubercle bacilli in their homes within five weeks before vaccination. 

(3) In 9 of the 11 deaths, autopsies w^ere performed verifying the diagnosis, 
and in 8 of the cases where bacteriological studies \vere performed the organism 
obtained was a human strain of tubercle bacillus. 

This latter factor, bacteriological examination, is of extreme importance in the 
case of vaccinated children since it is conceivable that one might attribute the 
deaths to BCG unless bacteriological examinations proved otherwise. Thus far, 
no authentic cases of tuberculosis deaths due to the BCG organism have been re- 
ported in the literature. 

The question naturally arises as to w'hether the deaths among the BCG vac- 
cinated cases were due to a tuberculous infection previous to vaccination, or 
whether the vaccination w^as an inadequate protection against a subsequent in- 
fection. Tliis is difficult to answer. 

This question, however, brings up the problem as to what results wmuld be 
obtained if cases were separated before vaccination to prevent the inoculation of 
a child in the pre-allergic phase, and if the same cases were separated for a suffi- 
ciently long period after inoculation to permit the vaccine to take effect. For a 
more accurate answ'er it wmuld be necessary to separate all subjects for a minimum 
of three months before and three months after vaccination. We have found it a 
dangerous policy to institutionalize children during the first three months of life, 
since they so often contract infections in the hospital or home to which they 
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are sent.. As a matter of fact, it appears that many more babies, so separated, 
died during this period of nontubcrciilous causes than would have died of tuber- 
culosis had thej’’ remained at home. Table 13 brings out clearly the danger of 
institutionalizing babies at such an earlj' age. 

Hou'ever, in the course of our studies a certain number of exposed cliildren 
chanced to be separated for three months before and three months after vaccina- 
tion. It is to this group, then, that we must look for any trend that might give 
an indication of the value of the inoculation. One maj’’ for this particular study 


TABLE 13 

Study of the viorlaJily of infants during the first three months of life 



INFANTS nOSMTALlZED 
DUEIKC rniST THUEE 
MONTHS OF LIFE AS 
WELL“BABrES 

INFANTS NOT HOSPITALIZED 
DHRINO FIEST THREE 
MONTHS OF LIFE 

Twimhor 

120 

949 

Number of nontubcrculosis dentbs in first 
f hrne mnntbs 

14 

9 

C-nuBC of deaths gastrointestinal intoxication 
•Pnpiimnnifi 

(11.6%) 

10 

2 

(0.9%) 

6 

4 

body in t.rnnliefi 

1 


Th\TniiR f 

1 






Note: Premature babies who died under one month of age are not included in the above 
figures. 


TABLE 14 

Exposed cases separated three months before and three months after being vaccinated or taken up 



NUMBER or CASES 

TUBERCULOSIS DEATHS 


Number 

Percent 

Vaccinated 

91 

1* 

1.1 

3.1 

Controls 

96 

3** 



* This child was born of a mother dying of tuberculosis; was never exposed; died at 3 
months of age. 

*"■ One case with no known exposure died of tuberculosis at 15 months of age. 


take all such cases followed since the onset of the BCG experiment in New York 
Cit3’’, all cases segregated from tuberculous infection during the full six months’ 
period. For comparison, one must include also all controls separated three 
months before and three months after the date they were admitted for study. 
The results are showm in table 14. It would appear from these figures that the 
inoculations with BCG might be of some protection if children were separated 
from the tuberculous environment for a sufiiciently long period of time before 
and after vaccination. From a scientific viewpoint, in justice to BCG, its effi- 
cacy in preventing tuberculosis should be judged only from results of cases 














530 


iULTON I. LEVINE AND JIARGARET F. SACKETT 


dcfinitclj" not infected with human tubercle bacilli before vaccination and not 
exposed after vaccination until allergy has developed from the BCG administra- 
tion. However, from a public health standpoint its eflicac 3 ’' must be judged by 
its ability to reduce adequately the tuberculosis mortality of children vaccinated 
in their homes in the midst of a tuberculous environment. 

It would appear, therefore, from these statistical results that as a public health 
measure the routine vaccination with BCG of children from tuberculous homes 
is probably of less advantage than removing the tuberculous case from the home. 

SUMMARY 

1. More than 2,000,000 children throughout the world have been vaccinated 
with BCG. 

2. The published reports on the ctTectivcness of the vaccine as a prophylactic 
against tuberculosis have been predominantly optimistic. With few exceptions, 
these studies liavc been inadequate!}’’ controlled. 

3. Up to January 1, 1944, 2,084 children from “tuberculous homes” in New 
York Citj’ have been followed, of whom 1,011 were vaccinated and 1,073 held as 
controls. 

4. A comparison is made of the tuberculosis mortality before and after alter- 
nate selection of cases. 

6. Prior to the alternation of cases, the tuberculosis mortality of the controls 
was over four times that of the vaccinated group (3.38 as against 0.68 per cent). 
In the second period, follo'm'ng alternation, the figures for the two groups were 
essentially similar, the tuberculosis mortality of the vaccinated cases being 1.41 
per cent as against 1.51 for the controls. 

6. The possible effect of the following factors on the comparative results was 
assessed: parental cooperation, economic condition, racial distribution, exposure, 
lost cases and percentage of autopsies. 

7. Routine separation of children for three months before and three months 
after BCG vaccination to eliminate the hazard of contiguous contamination with 
human tubercle bacilli was not found to be a feasible or safe procedure, although 
a small sample where such separation was possible (91 vaccinated and 96 control 
cases) indicated that the BCG inoculation might have protective value were such 
separation practical. 

8. From a public health standpoint, however, the efficaej’’ of BCG must be 
judged by its ability to reduce the tuberculosis mortalit}' of cliildren vaccinated 
in their homes in the midst of a tuberculous em’ironment. 

9. As a public health measure, therefore, the routine vaccination vith BCG 
of children from tuberculous homes is less advantageous than removal of the 
tuberculous subject from the home. 


SUMARIO 

1. A mds de 2,000,000 de ninos en todo el mundo se les ha vacunado con BCG. 

2. En los informes publicados acerca de la eficacia de esta vacuna como 
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profildctico de la tuberculosis ha predominado el optimismo pero, con pocas 
excepciones, esos estudios ban sido inadecuadamente fiscalizados. 

3. Hasta el 1°. de enero de 1944 se ha observado a 2,084 ninos procedentes de 
“hogares tuberculoses” en la ciudad de Nueva York, de los cuales, 1,011 fueron 
vacunados y 1,073 retenidos como testigos. 

4. Compdrase la mortalidad tuberculosa antes y despu^s de la selecci6n 
alternada de cases. 

5. Antes de alternarse los cases, la mortalidad tuberculosa en los testigos era 
el cuddruple que en el grupo vacunado (3.38 comparado con 0.68%). En el 
segundo periodo, despu4s de alternarse los cases, las crfras vinieron a ser id4n- 
ticas en ambos grupos, representando la mortalidad tuberculosa 1.41% en los 
vacunados, comparada con 1.51% en los testigos. 

6. Se justiprecia el posible efecto de los siguientes factores sobre el resultado 
comparative: cooperacidn paternal, estado econdmico, distribucidn dtnica, ex- 
posicidn, casos perdidos de vista y porcentaje de autopsias. 

7. La separacidn sistematica de los nines durante tres meses antes y tres 
meses despu4s de la vacunacidn con BCG para eliminar el riesgo de la contamina- 
ci6n contigua con los bacilos tuberculoses humanos, no resultd factible o segura, 
aunque en una pequena muestra (91 casos vacunados y 96 testigos) en la que 
dicha separacidn resultd posible, indicd que la inoculacidn con BCG podrfa tener 
valor protector si resultara prdctica. 

8. Sin embargo, desde el pimto de vista sanitario, hay que juzgar la eficacia 
de BCG por su capacidad para rebajar la mortalidad tuberculosa de los nines 
vacunados en sus hogares en im ambiente tuberculoso. 

9. Por lo tanto, como medida sanitaria, la vacunacidn sistematica con BCG 
de los nines procedentes de hogares tuberculoses, resulta menos ventajosa que 
la separacidn de los tuberculoses del hogar. 
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THE TREATMENT OF TUBERCULOUS ARTHRITIS 
EUGENE KISCIU 


We are tempted, when there is both a surgical and a conservative treatment 
available for a persistent disease, to use the former treatment, since an operation 
may possibly shorten considerably the time of treatment. This generally 
justified surgical point of view has to be .subjected to a thorough critical review 
when we are dealing with the chronic disea.se of a joint, especially if the disease 
is tuberculous. 

The general rule that any ojierafion should be pei-foi-med only when i-eall.y 
indicated, applies in even greater measure to joint surgery. Any operation on a 
joint endangers, to a certain degree, the subsequent function of that joint. As a 
matter of fact, most surgical procedures in joint tuberculosis aim at completely 
eliminating the function of the joint. This results invariably in the crippling of 
the patient. On the other hand, we must realize that, no matter how efficient 
conservative treatment in joint and bone tuberculosis may be, it does not permit 
us to discard operations entirely. Rather, we have to supplement the conserva- 
tive treatment with operations in many cases. Therefore the questions arise; 
Which operations are definitel}'' nccessaiy? IWiat are the clinical indications 
for the necessary operations? Also, during what stage of the disea.so should 
these operations be performed? Which consor^’ati^'e treatment shoidd we 
employ to avoid as far as possible a crippling operation? 

First of all, we have to keep in mind that in a joint tvdrerculosis we are never 
dealing with a piimaiy infection but always with a metastasis. Many tubercu- 
lous patients have acquired in their childhood a tuberculous infection in the 
lung with a secondary infection of the bronchopulmonary nodes. In most of 
these cases, the lesions of the primary comple.x do not produce clinical sjmiptoms 
and become arrested. In contrast to the pulmonary focus, the infection in the 
lymph nodes may frequently reactivate and bacilli from such foci may enter the 
blood-stream and attack bones. Therefore, an operation can at best remoA’^e 
the metastatic focus but cannot completely cure the patient of his tuberculosis. 
To achieve this latter result it is necessary to cure the primary focus, the location 
of which often remains unloiown, by treatment of the entire body over a pro- 
longed period of time. The generally accepted fact that in bone tuberculosis 
we are always dealing with a secondary infection, has changed the type of 
operation employed. The previously held erroneous opinion that joint tuber- 
culosis is a primary tuberculous infection resulted in the era of joint resections. 
Up to twenty-five years ago it was the accepted practice in all countries of 
Europe to remove the involved joints by resection. The justification for these 
far-reaching operations, which resulted in extensive crippling of the patient, was 
to cure the patient of his tuberculosis in a relatively short time. This erroneous 
assumption was bound to lead to bitter disappointment. A large percentage of 

’ Associate in Orthopedic Surgery at the Hospital for Joint Diseases, Far Rockawav 
New York. ^ ' 
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the patients sufTeied rela])sos or developed a new sjjecatie foens in another joint 
within a relatively short time after the o|)eration. 

As a consequence of the jn'csent-day acceptance of the idea of secondary 
infect ion in joint, tuhercnlosis, i-eseetions are rarely performed and oidy on sjjecial 
indications, as will be noted later. Fusion operation has to-day taken the jjlace 
of joint resections. In hip tuberculosis, extraarticnlar arthrodesis is recom- 
mended and a mixed type of arthrcde.sis is advised only when the X-ray evi- 
dence jwovcs the i)rcsence of a scque.stnun in the acctabidum or head or neck of 
the femur. Extraarticnlar arthrode.sis is suggested in children only if they am 
more than 10 years old. In knee tuberculosis, intraart icular arthrodesis, in 
which sections of bone arc removed from the tibia and femur, is recommended. 
To improve the effect ivene.ss of the operation, Ilibbs suggested the use of the 
patella as an extraarticnlar bone graft. .‘Vs in hip tuberculosis, arthrodesis in 
tuberculosis of the knee should not be performed on children of less than 10 ycai’s 
of ago. 

A number of orthopedists recommend fusion operation, especially in hip and 
knee tuberculosis, as a matter of principle. They a.ssumc that immobilization 
of the afflicted joint is the only assurance against relajisc and the only guarantee 
for painless functioning of the limb. This theory is accepted as so obvious that 
crippling of the jjatient is regarded as an unfortunate but an unavoidable fact. 
However, nobody would deny the tremendous advantage to the patient if the 
joint were to be healed with normal or practically normal mobility, even though 
the joint had formerly showm extensive destruction. 

For this reason, we have investigated the following basic questions: 

1: Is it possible to attain good active and passive niobilit}’ despite extensive destructio 
of the bone? 

2: Will healing of a joint with good active and passive niobilitj’' guarantee a painless 
functioning of the limb? 

3: Do more relapses occur in joints healed with mobility than in those healed with 
ankjdosis? 

The author studied these questions on 253 cases of Icnee tubercidosis at the 
University Institute for Joint and Bone Tuberculosis in Hohentychen, Germany, 
from 1920 to 1929. Tuberculosis of the knee joint was selected for the test 
because it is more frequent and also because the functioning of the Imcc is of 
special importance in walking. The treatment of these cases consisted of a 
combination of conservative and surgical measures — as described below — wliich 
have to supplement each other in order to be effective. 

When attempting to heal a tuberculous joint with mobility, we have to aban- 
don first of all the traditional plaster cast. Our experience in a great number 
of cases has shown that, m order to be healed, the jomt does not have to be 
immobilized, but only has to be relieved of its weight-supporting functions. 
Therefore, it is necessary that a patient suffering from tuberculosis of the hip, 
knee or ankle be confined to bed until he is healed. In tuberculosis of the hip 
and knee, traction has to be applied to prevent the development of muscular 
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cramps? or deformities of the joints. Figure I shows traetion in hi]) tuberculosis 
which is always applied on both sides. The pelvis rests on a cushion, four to 
five inches high, which is solidly stufted with chopped straw. Ihc involved hip 
joint is placed in abduction. A further important purpose of the ti'action is to 
correct pathological conditions as far as possii)le. If external rotation is pre.sent, 



Fig. 1 Traction in external lotation 


it is gradually corrected by the application of traction bandages. As will be 
seen in figure 1, the traction bandage is applied to the thigh and lower leg in such 
a way as to produce internal rotation; the weight suspended from the traction 
bandage should be between thiee to six pounds varj’^ing with the age of the patient. 
If we are dealing with an internal rotation, the traction bandages are applied in 
a contrariwise direction, produemg external rotation. 
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Fipiiv 2 (IcinonsI rates tlie t ract inn bandant’.s wliicli we employ when a 
siil)luxati()n is present in kiK'e liilH'renlosis. 'Die calf is supported by means of 
a slin}^ snspiMided from a wooden bar jdaeed lenut liwis(* over tlie I«*d. 'I’lie slinj; 
must be plae(;d just under the jwoximalend of the lil)ia. 'Die knee; ilstdf is pulled 
downward l)y anotlier slinp; from which are suspendcfl two weifjlits of two to five 
pounds caeli. 'Phe lower lej; is pulled forward by a weight which is attached, 
via a indley on the end of the bed, to a sleeve above the ankle. 

After pain and muscular spasm have (lisa])pean'd, we bef'in veuy cautiously 
with passive* motion exercises, carefully avoidiii}; any pain. In order to carry 
out successfully the.se motion exercises, the physician must have the nece.ssary 
patience, and the jjatient, especially if a child, nmst have confidence in the 
steady and skilled hand of the doctor. 'Phe.^e motion exercises not oidy maintain 
any exist iiifi mobility, but also re.store lost mobility in a high percentage of ca.«es. 



Fig. 2. Trnction in sublux.ition 

In the evaluation of the effectiveness of these measures, we have to keep in 
mind that the mobility of the limb has a practical value onl.y after it has attained 
a certain degree. In the case of the knee joint, it is necessary that it can be 
actively stretched to normal extent and flexed to an angle of at least 130°. It is 
necessary, of course, that the patient be able to execute all movements without 
pain or muscle spasm. The latter, as a matter of fact, is in itself an important 
criterion of whether the joint has been healed or not. If the patient is unable 
to stretch the knee joint to normal extent, but is able to bend it to an angle of 
at least 130°, supracondylar osteotomy is indicated. However, this operation 
cannot bring about complete correction of the contracture if the angle of con- 
traction is less than 120°, in which case an intraarticular arthrodesis should be 
performed. The latter operation is also recommended for patients in whom 
conservative treatment could not produce a flexion of less than approximatelj’^ 
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140°, because such a limited mobility is more of a hinclerance in Avalking than 
actual stiffness. Since all these corrective operations are to be performed after 
the involved joint is healed, it is necessary to remove only very thin sheets of 
bone from the condyles of the femur and tibia. As the removal of the latter is 
performed without touching the ephyseal line, it does not impede growth in 
children. In cases of snblnxation which cannot be corrected by means of 
tractions, due to formation of osseous bridges the same type of intraiirticular 
arthrodesis should be used. In cases of hip tuberculosis which have been healed 
with persistent contracture position in external or internal rotation, flexion or 
abduction, .subtrochanteric o.steotomy .should be performed as a routine. 

In tuberculous arthritis, operations arc sometimes indicated in order to save 
the life of the patient ; they will do this only if they are well timed. For example, 
we have to suspect a beginning amyloidosis if a patient with fistulous tuberculosis 
shows a gradualh' increasing albuminuria and if the general condition of the 
patient declines at the same time, and the skin becomes pallid and transparent. 
Even though all other tests may be negative, this suspicion must be entertained. 
Such a patient is condemned to die unless we free the organism of the focus of 
infection by extensive resection or by amputation of the entire limb. The same 
applies to patients with tuberculous arthritis with extensive destruction of 
the bone, further complicated by progressive pulmonary tuberculosis. 

An old prejudiced view, which has been handed down, holds that in tuberculous 
arthritis the tendency of healing is considerably less in adults than in children 
and adolescents. For this reason, many orthopedists always recommend in 
adults intraarticular arthrodesis with simultaneous removal of the involved area 
of bone. The author, on the liasis of the results he olitained with the therapj’- 
described in this article, cannot share this point of view. As will be seen in the 
statistics given later of the cases of knee tuberculosis treated in Hohenlychen, 
the tendency of healing is the same for adults, adolescents and children for 
hydrops and fungus, and is only insignificantly less in adults in osseous tubercu- 
losis. The same holds true for the “lasting results” which are based on re- 
examinations over periods of as much as eleven years after the discharge of the 
patients from the hospital (6). 

RELATION OF AGE TO HEALING 


(a) At time of discharge: 

I. Hydrops 


Age 

Number of Cases 

Healed 

O-Io 

c 

5 

16-30 

3 

2 

31-d5 

2 

2 

Over 45 

1 (47 years) 

0 

(b) Lasting results (based 

on those healed or markedly improved) 

Age 

Number of Cases 

flealed 

0-15 

5 

5 

16-30 

2 

2 

31-15 

2 

2 
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II. Fungus 




(a) .At lime of discharge: 




79 case.s 

Akc 

Xumlfr of Citsrs 

IlfjUJ 



0-15 

3G 

27 



10-30 

2i> 

23 



31-15 

!) 

7 



■111-57 

G 

5 



(b) Lasting results; 




■IS cases 

Agf Xumhfr {'/ Cuui 

Kr!.if>seJ 

DifJ 


0-15 19 

15 

■1 



10-30 2! 

IS 

2 

1 


31-15 5 

■1 


1 


■10-57 3 

3 





III. O.-iseous 




(a) At time of discharge: 




1G3 cases 

■Irr 

X timber of 

lltiSlti 



0-15 

01 

■11 



10-30 

09 

•IS 



31-15 

25 

10 



■10-00 

S 

-1 



(b) Lasting results; 




92 p.ascs 

.•I.« X umber of CfJsfs 

UfitUtl lmf<rorrJ 

Rrlcpird 

DUJ 


0-15 3S 

2i» 2 

i 



IG-aO 39 

30 1 

0 

2 


31-15 11 

9 

2 



^G-GO ■} 

3 


1 



Even thougli tliose statistics prove that I lie often held piejiidiee of a consider- 
ably smaller tendency of healing in adults is erroneous, tJiere exists ne\’ertheless 
a special indication for ojieration in adults. It is diflicult, and often impossible, 
for men who arc working and supporting their families to give up their jobs and 
spend a long time in a hosjjital in order to receive conservative treatment. In 
such cases, one is forced to perform e.xtensive resections or amputations in order 
to shorten the length of time during which the patient is contined to bed. If 
these surgical jjrocedures aie not followed by conser^■ati■^•e treatment of the 
entire body, we have to realize that relapse or the development of a new focus 
is well within the realm of possibility. 

Extensive i-esections and amputations are further indicated in aged patients 
who have only a few years to live. It would be inadvisable to force the patient 
to spend a great part of his few remaining 3'ears in a hospital. 

The pre.«encc of sequestra- plaj'S a very important role in the indication for 
operation in tuberculous arthritis. In cajjcs of tuberculous artliritis, the seques- 
trum is located in the region of, oreven directly within, the epiphyseal line. Since 
this sequestrum formation usualK'- occum in children, the removal by operation 
would destroy the epiph3^seal line parth' or completely, and thereby disturb 

= By n sequestrum is meant a piece of bone visible in an X-ray picture wliich has become 
completeb' separated during the process of necrosis from the surrounding osseous tissue. 
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thr n<inunl pvnvtli of )>oni\ Otu* tn'ulmi'jU ivMilts, ’m nliiuHt ;ill cahos, in tho 
iaimj>!oto tv>ovption of tin- Tht' hypririnii' ('ffccl pnxiuml by 

siui'-hhu' and pa-'-ivi* ctnip'-Mion l•auM'^ a .-ivoily ilt'vc'lojinu’nt of ffianulation 
ti<--iK' wliidi allaob-' tlic Mapu'.Mnnn and jv.'^nlts in its disinlofiralion. Tliis 
combination of active anil jias-^ivc bypeivnua always iirodnccs, after the disinte- 
unition of the >c(iiK\-tnim. a rapid am) complete lillinp-in of tlie cavity with new 
and normally ;-tnictnmil bone ti^^-ne. I'imnx' 3 shows a characteristic case of 
N'fpiC'-trum iv'-orption. \V<' see heiv a ilestrnction of the lateral condyle, 
cpicondylc and the lateral half of the cjnphyscal line of tlie fcnnir. In tlie bone 



I'ic.a. (Left) Dpstnicliou of latcnil cijiulylc, opicoiiilylo jincl cpipliyscnl line. Tlircc 
sc<iucslr!i in coiulylur repon. a fourtli in ttic cjnpliyseal re^'ion. Guinea pij; te.st [lositivc. 
Xo sinus formation. 

ric. 1. (Hinlil ) Same case as figuro 3, fourteen inontiis later. Setjueslra absorbed, cavity 
filled with new i)onc tissue. Ispiphy.seat line lias reaiipctired. 

cavity of the condylar region, there are three seciue.stra; a fourth one i.s located 
in the region of (he cpiphy.<e:d line. Figure -I, taken fourteen months later, 
shows (he stage of healing; all sccjucstra have been eompleteh'^ absorbed and the 
large bone cavity is filled with new, normally structured bone tis.sue. At the 
same time tlic fle.stroycd part of tlie ei>iphy.scal line ha.s reappeared. Tlie latter 
fact lias enabled a normal bone growth, as proved bj' reexamination over a long 
period of time. 

A severe complication in tuberculous arthritis is the formation of abscesses. 
The abscess originates in the depth of the soft tissue and develops more and more 
towards tlie surface wlierc it appears as a swelling. After disintegration of the 
subcutaneous tissue, the abscess breaks through the skin. In this Avay a sinus 
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is formed and greatly prolongs the lime of treatment. A secondary infection, 
often caused hy .such sinus formation, has a devastating ofTcct on the general 
condition of the patient. While a tuberculous abscess as such has no innucnce 
on the temperature of the ])atient, a secondary infection causes high fever. At 
the same time the patient loses appetite and weight and also suffers from in- 
somnia. Mixed-infected tuberculous sinuses which exist over a long period of 
t ime cause amyloid format ion in a number of ca.'^es. Since amyloidosis endangere 
the life of the i)atient, it is of prime importance to jirevent the formation of 
sinuses. The formerly employed incision treatment of the absce.«ses is definitely 
to be avoided. We have observed the most .«('vore .«econdary infections in cases 
whore incisions of absce.«ses were performed prior to theii- admission to our 
hospital. 



If we were able to prevent the formation of sinu-ses, we could not only con- 
siderabl}' shorten the time of treatment, but also save a great number of lives. 
Sinus formation can be prevented only by puncture of the abscess, which should 
be performed as early as possible. Therefore daily examination of the involved 
part is necessaiy, especiall}’^ during the phase of disintegration. One of the 
disadvantages of piaster casts is the prevention of such an examination. Conse- 
quentl}^ we discover quite often a very advanced abscess, or even an abscess 
with sinus formation, after remowal of plaster casts. 

Tuberculous pus is usually thick, sometimes it is of the consistencj' of tooth- 
paste and often contains flakes. Therefore, we need aspiration needles with 
diameters vaiying up to the size of a drinking straw. The opening in the bottom 
of the syringe has to be of the same diameter as the needle. During the phase 
of disintegration of the diseased area, two or three aspirations a week are the 
rule, and daily punctures are bj'" no means rare. These continuous punctures 
have often resulted in sinus formation. 
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Twenty ycai’s ago, we developed a special tcclmique for puncture of such 
abscesses which definitely prevents the formation of sinuses. The needle should 
be introduced into the skin about one inch above the upper border of the abscess. 
After the introduction, the needle is pushed forward into the subcutaneous tissue 
to a point above the centre of the abscess. Then, liy raising the syringe, the 
needle is introduced into the abscess cavity. After removal of the needle, the 
point of skin puncture is so far from the point of cntiy into the aliscess that 
after-flow of pus cannot occur. The after-flow of pus is further prevented by the 
two sharp bends at cither end of the passage (G). 

Employing this technique, we have punctured many hundreds of abscesses, 
most, of them twenty or forty times, and many of them over ninety times. 
These punctures •were alwaj*s performed without causing sinus formation, except 
for verj- rare eases. In these eases we were unable to prevent the formation of 
sinuses because at the time of admission of the patient to our hospital the skin 
covering the abscess was already too thin. 

IVc must now consider the consciw'ative treatment that most strengthens the 
whole body for the victorious fight against the tuberculous infection. This 
treatment should cover not only the involved joint, but also the entire body, 
including the primarj' focus, the location of which often remains unloiowm. 
Another prerequisite of the treatment is that it should limit the operations 
required to the above-mentioned strict indications. Only the action of a great 
stimulant enables the weakened body to overcome the tulierculous infection. 
One such stimulant, the sun-raj^, -was already Imown to the ancient Romans 
and Greeks, who considered the influence of sunshine and fresh air to be the 
fundamental basis of all physical and mental well-being. The Romans built 
gardens on the roofs of their homes where they took sunbatlis in complete nudity. 
In modem times Bernhard (1) and later on Rollier (11), in the Siv^s mountains, 
•were the first to prove that the sun-rays have a therapeutic influence on joint 
and bone tuberculosis. This method of treatment, with its excellent results, 
was not to be limited to those who could afford the extended stay in the Swiss 
mountains. Therefore, the author studied for a longer period of time in Rollicr’s 
hospital in Leysin, Switzerland, the foUmving questions: {1 ) Can heliotherapy be 
transferred from the high mountains to the flatlands? {2) Can the very extended 
time of treatment be considerably shortened by a combination of heliotherapy 
•\rtth other forms of treatment? 

Solar radiation, as -W'e have proved by clinical observation and by experimental 
measurements, causes a marked hyperemia in the high mountains as w'ell as in 
the flatlands. The effect of the hyperemia is by no means limited to the skm 
but, on extended therapy, penetrates into deeper tissues, namely the muscles 
and bones. 

The first effect of hyperemia, which can be clinically observed, is the gradual 
disappearance of pain in the involved joint. Tuberculous joints are often quite 
painful and their characteristic contracture position is largely caused by pain. 
Simultaneously with the disappearance of pain, the flexed position of the diseased 
joint gradually decreases, especially if traction is applied at the same time. 
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A further proof of the hj-'peremic effect of solar radiation is its influence on the 
tuberculous focus itself. As can be seen in series of X-ray films taken two months 
apart ( 6 ), this hj'peremia causes a gradual disintegration of the bone focus. This 
stage is often characterized by the formation of abscesses in the area of the 
involved joint or by increased discharge of pus from already present sinuses. 
The second stage of "the hj^peremic effect of solar radiation sets in only after 
disintegration of the whole diseased bone tissue, which is often more extensive 
than revealed by X-ray appearance. This phase is marked by regeneration of 
bone. 

In order to shorten the time required by heliotherap}’-, we have augmented the 
hj'peremic effect of solar radiation by inducing passive congestion with Bier's 
rubber-bandage method. In cases of tuberculosis of the e.xtremities we appl}'" 
the rubber bandage for two four-hour periods daily. 

It is important that the patient be gradually acclimatized to heliotheraps'. 
Therefore, ve do not expose the diseased part to the sunsliine until after all 
other parts of the body have been exposed. To achieve this, we start with 
exposing the feet and gradual^ advance until we include the whole body ( 5 ). 

Up to a short time ago, the presence of active pulmonar}'- tuberculosis was 
thought to be a contraindication against heliotherapy. Because we caimot 
predict the possibihty of a pulmonary hemorrhage through clinical or X-ra}'^ 
examination, it was thought inadvisable to expose a patient vith active pulmo- 
nary tuberculosis to the hi’-peremic effect of solar radiation. Tliis danger of 
hemorrhage can be eliminated bj' emplojdng an especially cautious schedule of 
acclimatization of the patient to heliotherapy (S). Heliotherapy should be 
employed only under constant medical super^^sion and should not be used if the 
patient is in the febrile state. A great number of patients on whom we have 
performed phrenic exeresis or thoracoplast3’^ were treated prior to the operation 
vdth heliotherap3^ The time required for convalescence after the operation was 
considerably shortened by continuing heliotherap3^ 

Heliotherapy should be combined vith open-air treatment because open-air 
has the same stimulating effect on the organism as the sun-ra3's. Both should 
be used complementing each other, whether it be in the high mountains or in the 
flatlands. Therefore, it is very ad\Tsable that the patients spend sunless da3'S 
on a half-covered porch and also sleep there on summer nights. The interrup- 
tion of either the sunshine or open-air treatment not onl3'' extends considerably 
the time of treatment but also endangers results already achieved. Halsted of 
the Johns Hopkins Hospital was the first to use exclusively open-air treatment 
for tuberculous arthritis ( 4 ); Halsted carried out the open-air treatment 
tlmoughout the whole year, day and night, and therfore was able to call his 
treatment a true “tvrent3’’-four-hours-a-day-out-of-doors” treatment. He re- 
ported remarkable results, especially as far as the mobiHt3’' and fimctional use of 
the afflicted Ihnb are concerned. 

Next to the lung, the skin is the most important respiratory organ. Thus, the 
effect of the open-air treatment is considerably decreased if on cold da5's the 
patient is completely covered b3' blankets. The author has developed an irradi- 
ation lamp S3'stem by which we can expose the patient in complete nudit3’- on a 
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linlf*opon iwreli c\Tn in the coldest wvnthcr, and enable tlie patient to obtain the 
fullest benefit from the open-air tioatment (C). This system has a carbon arc 
lamp producing a six>ctral emission which Ls veiy similar, both quantitatively and 
qualitatively, to the sun-sjx?ctmm. Eight lieds arc arranged in star-like position 
around this arc lamp. Abovo each bed there ait? two heating units, one above 
the chest and the other above the inguinal region of the patient. The heat 
produced by thc.'t? heating units enables the completely nude p.atient to lie on 
the porch in full comfort . even on the coldest days. In order to compensate for 
outside tem|>craturc variations, these lamps are adjustable, that is, they can be 
lovTPcd or raised according to these variations. 

In onler to prewnt relapses it is of groat importance to harden the patient 
against the rigors of his native climate. For this rc.ason, wo attempt gradually 
to acclimati-c the patient to raw climatic conditions bj' adding an electric fan 
to each side of the sy.«tem. Each fan has four different speeds and ns the local 
and general conditions improve we gradually increase the fans’ speed. 

Another form of radiation which we frequently emploj’ is X-ray, We use it as 
a valuable addition to our other thcraiKutic measures. We administer X-rays 
in small dosages; the patient is given of the skin-erj'thema-dosnge twice a 
week until the whole skin-crythcma-do.«agc has lx?en administered. As a rule, 
a second cour?^ Is given after a iicriod of .six weeks. This form of X-r.ay therapy 
gives especially favonable rc.sults in (/) tulicrculuus lymph nodes, (S) the sjTio\ial 
form of tul>crculous arthritis, (S) c.ascs of sinu.ses existing for a long time, 

iMnploj'ing the operative and con.scrv.ative mcn.surcs dcscrilxid above, we have 
treated 253 c.ascs of knee tulicrculosis from 1920 to 1929. They were made up 
of 11 cases of hj'drops, 79 fungous cases and 1G3 cjuscs of os.seous tuberculosis. 
Tha^c patients were of all ages (102 cases of 1 to 15 years, 100 eases of 10 to 30 
years, 15 eases above 45 years of age). The clinieal and roentgenological diag- 
noses were confirmed by tuberculin tests and by microscopic examination and 
guinea pig tests of all fluids and abscess contents. Only cases in which the diag- 
nosis was definitelj' established were included in these statistics. 

As stated at the beginning of this article, we shall try to answer on the basis 
of the statistical results of these 253 cases of knee tuberculosis the following 
important questions: Is it po.ssible to attain good active and passive mobility 
despite e.xtensive destruction of the bone? Will healing of a joint with good 
active and passive mobility guarantee a painless functioning of the limb? Do 
more relapses occur in joints healed with mobilitj^ than in those healed A\ith 
ankylosis? We have compiled the results. of these cases, successful and unsuc- 
cessful, into detailed statistics. These data are divided into the three different 
types of knee tulierculosls mentioned above and show the percentage of “healed,”^ 
“markedly improved,” “unchanged” and “died” ca.ses in each group. In the 
latter ca.ses we report the cause of death. 

>Tlic term “healed” in our Btatistics signifies disappearance of all clinical symptoms 
(pain, muscle tenderness, sinus, temperature etc.). Furthermore, there must be roent- 
genological proof of the healing of the lesion (sharply defined borders of the area, filling up 
of the original focus with new bone tissue of normal structure, disappearance of the bone 
atrophy, complete disappearance of any abscess or calcification of the remnants). 
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Due to the lack of space, it is impossible to reproduce here in totality these 
detailed statistics. It is inad\'isable, as a matter of principle, to reproduce any 
given statistics in part' because that often leads to an erroneous interpretation 
of the results. For this reason, I have to refer the reader to the complete statis- 
tics ,(6). The three questions asked above are answered in the section of the 
statistics dealing with reexamination of all patients released as “healed” or 
“markedly improved.” These reexaminations were carried out over a period of 
many years, in some cases up to eleven years after the release of the patient from 
the hospital. 

These data prove that normal or functionalh’ adequate'* mobilitj’ was attained 
in 100 per cent of the hydrops cases, in CO per cent of the fungous cases and in 
28.4 per cent of the osseous cases. A relatively high percentage of o.sseous casc.s 
were healed with ankjdosis. This was caused by the fact that most of the cases 
were unusually severe at the time of admission, with 30 per cent of them alrcadj^ 
showing bony ankylosis at that time. The statistics of “lasting results” demon- 
strate further that, of the G fungous and 15 osseous cases which relapsed, 14 had 
been healed with ankylosis, 7 with adequate function and that not a single case 
with completol}’ restored mobility had relapsed. 

The reexaminations proved also that a joint healed with mobility docs not 
fatigue more easily than an ankjdoscd joint and that it docs not become painful 
on use. As a matter of fact, the cured patients were able to resume their former 
occupations, as farmers or factoiy workers, and were also able to go on extensive 
hikes, climb mountains and ride bicycles. 

It should l)c pointed out that children, as well as adults, who suffer from 
shoulder, elbow, wrist, finger, rib or lymph node tuberculosis do not have to 1)C 
hosi)itali5:cd. For the treatment of these })atient.s, the author founded in ICurope 
the Ambulatory Institute (7). The latter was located in the heart of the 
workers’ district of Berlin and was surrounded on all sidc.s by playgrounds. In 
this Institute the patients received identically the same treatment as de.scril)ed 
above, the only difference being that the patients arrived in (he in.stitute daib' 
(except Sundaj-s) at 8:00 a.m. and left tliere at 5:09 p.m. At the Institute, 
the children received five hours of open-air cla^s-room instruction everyday, so 
that t heir intellectual development would not lx? retarded. The results obtained 
were so satisfactory that two branches were oi)cned in other worker districts »if 
Berlin and Ambul.aton,’ Institutes were built in Rome and Moscow. During a 
lecture trij) in lOM.the author introduced the idea of the Ambulatory Institute 
into Brazil, where the health authorities are now planning to construct similar 
institutes fO). 

IVmhard and Rollier refxjrted at the Ixsginning of (his century the excellent 
results they obtained in joint and bone tul)ercu!o-is with hclioth'Taj)y in the 
Swi-s high mountains. Both Ik-mhard and Rolfier drew the erroneous conclu- 
sion that the.-e n-.>ults v.en? cau-ed only by the ju-tion of the sun-raj's and that the 
litter are of sufficient tfieraix-titir effect only in the high mountains. '1‘he author 


fiitl c'lrm-.t nri'! tl-xif,:! <,f .>i*. 'yr. 
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was able to prove that solar radiation in the flatlands has the same therapeutic 
effect as in the high mountains and that, in addition, open-air treatment during 
the winter has the same stimulating effect as heliotherapy during the summer. 
The validity of our conclusion is proved by the above-mentioned results Avhich 
Halsted obtained tlirough liis exclusive use of open-air treatment in the flatlands. 

Our experience has further shown that patients who cured in the high moun- 
tains have a greater tendency to relapse than those who cured in the flatlands. 
For this reason it is advisable that bone and joint tuberculosis should be treated 
in the same climate in which the disease was contracted (5, 0). The same applies 
to pulmonary tuberculosis and Pinner (10) concludes that “the patient with 
pulmonary tuberculosis is as a rule best treated in the climate in which he has to 
live after his cure.” Optimum results can only be achieved through sunshine 
and open-air treatment if all neccssar 3 r facilities are available, and, even more 
imiiortant, if the treatment is carried out faithfully daj’^ bj'^ day in summer as 
well as in winter. 

llcliotherapj’^ and open-air treatment .should not extend beyond the point 
where surgical measures are indicated. On the other hand, operations should 
not be performed which could be avoided bj' use of this conservative treatment. 
A “matter of principle” treatment, either conscr\'ative or surgical, is harmful 
to the patient and .should be rejected. 

SU.MALARY 

1. The treatment of tuberculous arthritis, in children and adults, is discussed. 

2. A review and evaluation of reported conservative and surgical measures are 
presented. 

3. A treatment, consisting of heliotherapy, open-air treatment, traction and 
surgical measures, is described. 

4. In a high percentage of cases, the proposed treatment results in restoration 
of mobility in the afflicted joints. 

5. It is shoATO, on the basis of 253 cases of knee tuberculosis, that good active 
and passiA'e mobility can be attained despite extensive de.struction of the bone. 

G. The conclusion is reached that, in the treatment of tuberculous arthritis, 
con.serA’^ative and surgical measures have to supplement each other. A “matter 
of principle” treatment, either conservatwe or surgical, is harmful to the patient 
and should be rejected. 


SUMARIO 

1. En esta resena del tratamiento de la artritis tuberculosa en los ninos y 
adultos pres4ntanse un repaso y una justipreciacidn de las medidas consei-va- 
doras y quiriirgicas comunicadas hasta ahora. 

2. Describese un tratamiento que consiste en la helioterapia, el empleo del 
aire libre, la traccidn y ciertos procedimiehtos quinirgicos. 

3. En un porcentaje elevado de los casos, el tratamiento propuesto restablece 
la movilidad de las articulaciones afectadas. 
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4. Tomando por base 253 cases de tuberculosis de la rodilla, demudstrase que 
puede alcanzarse buena movilidad activa y pasiva, a pesar de extensa destruccidn 
del hueso, . 

. 5. Sacase la. conclusidn de .que en el tratanjiento de. la artritis tuberculosa las 
medidas eonservadoras.y quirtirgicas tienen que complementarse. Todo.trata- 
miento a base absoluta, ya sea de conservfadurismo o cirugia, resulta nocivo para 
el.enfermo y debe ser rechazado. , . 
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CLOSED INTRAPLEDEIAL PNEUMONOLYSIS AND THORACOSCOPY' 

G, H. C. JOYNT 


Since the introduction of closed intrapleural pneumonolysis by Jacobaeus in 
1913, this procedure has become a highly valuable operation in the surgical 
therapy of pulmonary tuberculosis. The production and maintenance of a 
satisfactoiy pneumothorax is accepted as one of the most adequate forms of col- 
lapse therap3\ Hence the use of thoracoscopy and pneumonolysis is frequently 
indicated in the initial stages of artificial pneumothorax treatment of pulmonary 
tuberculosis. In 1934, Moore published a report on a collected series of 2,043 
cases of intrapleural pneumonolysis and, in the following ten years, Goorwitch 
compiled a further series of 5,114 cases from the English and American literature. 

Although intrapleural pneumonolysis may frequently produce an efficient 
selective collapse, the complications attributable to the operation must be thor- 
oughly considered. Many reports of postoperative development of fluid, either 
serous or purulent, have been published. Dickey, however, has pointed out that 
the incidence of tuberculous empyema following intrapleural pneumonolysis may 
be less than the incidence in some series following pneumothorax without section 
of adhesions. Complications frequently occur in the maintenance of an ineffec- 
tive pneumothorax which may produce clinical improvement for a time. In 
these cases the early use of thoracoscopy and pneumonolysis is necessary. It is 
the opinion of the staff of the Queen Alexandra Sanatorium that the early aban- 
donment of an ineffective pneumothorax is essential in the treatment of pulmo- 
nary tuberculosis. 

Thompson and Greenburg have pointed out that, following initial pneumo- 
thorax, the pleura is pale and shiny and at this time adhesions are easily divided 
along the line of cleavage in the endothoracic fascia. If an effusion forms in the 
pneumothorax cavity, the pleura becomes dull and thickened and the adliesions 
firm, fibrous and thickened. As a result, the operation is made more difficult and 
hazardous. It is important, according to Thompson and Greenburg, that 
pneumonolysis be carried out within six weeks following the initiation of pneumo- 
thorax. Formerly, it was the custom to push a pneumothorax to stretch and 
thin out the adhesions. This treatment has also been recommended follomng 
pneumonolysis but has proved to be a dangerous procedure. Further stages are 
indicated vdthin a few weeks if a satisfactory pneumothorax is not obtained fol- 
lowing an initial pneumonolysis. In our experience, early operation has de- 
creased the complications and lessened the technical difficulties of operation, 
as well as promoted an early effective collapse. 

PNETJMONOLTSIS 

This review includes 277 consecutive cases of closed intrapleural pneumonolysis 
and 44 cases of thoracoscopy. The operations were performed at the Queen 
Alexandra Sanatorium over a period of six years extending from 1938 to April, 
1944. 

* From the Queen Alexandra Sanatorium, London, Ontario, Canada. 
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In all cases in which adhesions were cauterized (277 cases) the galvanocautery 
was used with the two cannulae technique. As shown in table 1, there was a 
total of 348 stages of which 92 had complete operation with freeing of all adlicsions 
to the involved lobe. The remainder, according to the classification as outlined 
by Gooruitch, included 136 incomplete and 114 partial pneuraonolyses. In 
most cases the surgical procedure was limited to one hour or less, since it was 
found that the patient was less disturbed and the operative technique was better 
and more accurate Avhen the operation was not prolonged. The more difficult 
and complicated cases were done in two or three stages unless dangerous tension 
was present on a portion of lung. Carp has pointed out that the di\’ision of 
adhesions requires patience and meticulous care and any attempt to hurr 3 ’' may 
produce disastrous complications or incomplete therapy. 

In the cases with a low respiratory reserve and in some cases of bilateral 
pneumothorax, it has been noted that follouing pneumonolysis the patient com- 
plained of considerable discomfort in the chest and of moderate d 5 '-spnea. This 
has been lessened in many cases b}'- the vdthdrawal of the open trochar at the 
height of e.xpiration following the operation. It is well Icnoum that the intra- 


TABLE 1 

Closed intrapleural pneumonolysis 


Total number of cases 

Total number of stages 

Complete. . . 

Type of operation 

Unknown . . 


277 

348 

92 (26%) 
135 (39%) 
113 (33%) 
8 


pleural pressures are lower after an open pneumothorax is closed at the height of 
expiration than after closure during inspiration. In order to insure negative 
pressures in the pneumothorax cavit}’-, after pneumonolj’-sis and thoracoscopy, 
aspiration of air has been carried out on the last 192 consecutive cases at the end 
of operation. This was done on the operating table and ah was aspirated until 
the intrapleural pressures were definitely negative. In this group of cases no 
pneumothorax has been lost and the patients have been much more comfortable 
postoperatively. In only 3 cases has a refill been required on the first postopera- 
tive day and the average time for a refill following operation in this group has 
been three and one-half days. Surgical emphysema also has been reduced 
although 3 cases of severe emphysema occurred in patients mth thin chest walls 
and severe cough. 

POSTOPERATIVE COMPLICATIONS AND RESULTS OF PNEUJIONOLYSIS 

As frequently pointed out, the most important complication which occurs fol- 
lowing closed intrapleural pneumonolysis is the development of pleural fluid. In 
this report all clear and slightly cloudy fluid is classified as serous, except cloudy 
effusion ndth tubercle bacilli on direct smear which is considered purulent. In 
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table 2, it is shown that the incidence of empyema is 5.8 ])er cent. Two of these 
cases occurred in patients with silicosis and pulmonary tuberculosis. It has been 
estimated hy D. W. Crombie that the incidence of empyema in the pneumothorax 
treatment of silico-tuberculosis is approximately 90 per cent and as a result 
pneumothorax therapy in silicosis complicated by pulmonary tuberculosis has 
been abandoned at the Queen Alexandra Sanatorium. If these 2 cases of silico- 
tuberculosis are excluded the incidence of empyema is reduced to 5.1 per cent. 

There were 77 cases of postoperative serous effusion (table 2). These ai-e 
classified into three groups— slight, moderate and gross. Only 31 of this group 
were aspirated and in 9 patients the fluid was negative on culture for tubercle 
bacilli. One of these cases developed an obliterative pleuritis and required 
oleothorax, but the remainder obtained a .'jatisfactory collapse although one 
pneumothorax was purjjosely reexjianded three .years following operation for 
tuberculous bronchitis. The group of 22 cases with tubercle bacilli on concen- 
tration or culture in the pleural fluid, obtained a satisfactory ])neumothorax in 12 


TABLE 2 

Postoperative complications of pncnmonobj.sis 


*Purulont cITusion — 10 c.ises 

(Pure tuberculosis 
(Mixed 


( 5.8%) 


(slight 

•12 

(15.1%)] 

Serous effusion— 77 cases 

■(Moderate 

25 

( 9.0%) 


(Gross 

10 

( 3 C%)] 

Spontaneous pneumothorax 


2 

( 0.7%) 

Hemothorax 


1 

( 0.30%) 


* Two cases occurred in silico-tuberculosis (14 cases — 5.1%) 


cases (one case was also reexpanded following operation, on the diagnosis of 
tuberculous bronchitis). Two cases developed obliterative pleuritis and the 
remaining 8 cases had an unsatisfactory pneumothorax (G of these required 
thoracoplasty). 

According to Goorwitch, the great majority of complications attributable to 
pneumonolysis occurred within the first four postoperative weeks. In the com- 
plications listed in table 2, 11 of the 16 empyema cases developed a pleural 
effusion nothin one month and the remainder ranged from three months to two 
years. Approximately 80 per cent of the serous effusions occurred one month 
postoperatively, although it is interesting to note that only 12 of the 22 positive 
effusion cases developed fluid within the four-week period. Tlie remaining com- 
plications included 2 cases of spontaneous pneumothorax and one case of hemo- 
thorax. 

Although the great majority of complications occurred in the partial or incom- 
plete operations, it vill be noted from table 1 that only 26 per cent of the total 
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singes weir niinplrlr iiiid in n fr«' r;iM‘.'. it was ni'ces-ary to do t\vo or tlirrc staye.' 
to free* the adhesions. I'n’fUiently a satisfactory and efiieient piK'iiniothorax is 
oht.ained with partial and ineonijilefe ojierations. .Many of the eoinjdieations 
and poor rc'-nlts following pneiinionolysis ;ire due to prolonged fnieiiniotliorax 
thera|)y in the presence of an inellieient pneurnolhora\. 

In evaluating the results it is of interest to point out the |)H‘oj)erative diagnosis 
in this group of 277 eases. .Aeeordini; to the .National ’J‘tiherenIo'is .Association 
elassilication there were I.‘{ minimal, till moderately aiivaneed and 20 J far ad- 
vanced eases. Over .at) jier cent of the patients had eavitatien 2..a cm. or over in 
diameter and .'f2 eases (11.(1 p(‘r rent) sliowed cavities over .a cm. in fliameter. 
.As expected, the laimplieations were greater in the eases with large cavities, hnt 
an efiieient pneumothorax was olitained in 1!) of the ,S2 eases with large cavities. 

In tlie entire series, there was eonvi-ision of siintnm to negative eiiltnres in Kl.l 
ea.ses as well as 2S eases with negative enitnres previous to imeiimonolysis in 
wliieh adhesions were dix ided to in>'nre atleijnate eollajjse, 'I’hns, a total of 70 
per e(‘nt of (his smies oht.ained negative .sputum cultures anti a further .a per cent 
were discharged as <|uiescent with positive tailture.'. 'riihertailons Inonchilis 


•r.xni.i; ;t 

Spiiliiiii rffiiltx foUiin-iuij fiiifumiinohixix 

10.') (•!t.“C.« (I'll/'l )i _ , 

2.S ca.sf.s fi(|'7 )/'' ' 
21) casc.s (T'; I 


('i)iivertc(l to aciaitivc ciilliirc.s. 

Nciaitivt' lailitircs prcvioii.s to operution 

I’osilivc tailiiirc.s patifaits (li.sclitirgcil as tpiicsccnt 


was diagnosed following pnenmonolysis by hronelio.scojiie examination in S 
east’s. 


Tuoit.vroscoi’v 

"I'lioracoseopy has been carried out in M patients. Not infrccpiently the 
adhe.sions were viewed from both a po.sterior and anterior cannula to tletermine 
tlie po.s.sibility of etmterization. In this group (here were no postoperative com- 
plications in .30 eases, mild fever in -I ctises for two or three days and slight in- 
crea.se in a iJievious elTusion in 2 cases which gradmdiy subsided. .A gross 
effusion developed in one jiatient nine months after thoracoscojn' which revealed 
inoperable adhesions in the tiiJe.x. One other j)atient, following a partial jnieu- 
monolysis in an attempt to clo-'^e a huge cavity, devcloj)cd a small effusion with 
low grade fever which jicrsisted. Two months following pneiinionolysis, a 
thoracoscop}' was performed and, one month later, the jiatient developed a 
slight increa.se in the pleural effusion. In a few months the fluid became positii-e 
for tubercle bacilli and thoracopla.sty was jicrformed. In view of these circum- 
stances, it was felt that the empyema was not directly attributable to 
thoracosoiiy. 
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As repeatedly pointed out by many authors, tlie number and types of adhesions 
cannot be reliably determined from radiographic and fluoroscopic examination. 
The only satisfactory way to determine whether jmenmonolysis is feasible is to 
perform a thoracoscopic examination. (See figures 1 and 2.) In this way an 
efficient pneumothorax may be quickly attained or an unsatisfactory pneumo- 
thorax abandoned early. The use of thoracoscopy appears to be a safe and 
conservative measure in collapse therapy. 

SVMMAUY .VXD COXCDVSIOXS 

A scries of 277 cases of closed intrapleural pncumonolysis (34S stages) and 44 
thoracoscopies is ])resented. 

Early cauterization of adhesions is indicated and early abandonment of an 
inefficient pneumothorax is recommended. 

.-Vspiration of air following operation increases the comfort of the patient and 
reduces surgical emphysema. 

The most frequent complication is the development of pleural fluid, usually 
occurring in the first month. The incidence of empyema was 5.S per cent in this 
series. 

A satisfactory and efficient pneumothorax was obtained in 77 per cent of cases 
(70 per cent obtained negative sputum on culture). 

Thoracoscoiiy is a safe and efficient procedure and its early use in pneu- 
mothorax therapy is advocated. 

SU.M.VKIO Y COXCLVSIOXKS 

Presdntase nna scrie de 277 casos de neumonolisis intrapleural corrada (34S 
etapas) .v 44 toracoscopias. 

La cautcrizacion temprana de las adherencias csta indicada y se rccomicnda 
el abandono temprano de todo neumotorax ineficaz. 

La aspiracion de aire desiDu6s de la operacion aumenta la comodidad del en- 
fermo y reduce el enfisema quirurgico. 

I.a complicacion mas frecuente consiste en la aparicion del liquido pleural, 
por lo general en el primer mes. En esta scrie la incidcncia del empiema llego 
a 5.8%. 

En 77% de los casos obtiivose un neumotorax satisfactorio y eficaz (70% 
mostraron esputos negativos en los cultivos). 

La toracoscopia constituye un procedimiento inocuo y eficaz y sc aconseja 
su empleo temprano en la colapso-terapia. 
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LATENT SILICOSIS AND TUBERCULOSIS ^ 

HOWARD DAYMAN 

Clinical and experimental studies have shown that silicosis renders the patient 
more susceptible to tuberculosis. The degree of silicosis required to bring about 
this alteration in resistance is not clearly defined, 3 mt the problem is im]3ortant 
both from a clinical and from a medico-legal standpoint. The following 4 case 
reports bear evidence that silicosis can e.xert a harmful effect on resistance to 
tuberculosis e'\’^en Avhen generalized pulmonaiy fibrosis due to free silica is so 
slight that evidence of it is meagre or entire!}’' lacking on technicallj’’ satisfactory 
roentgenograms. For the purpose of this report, the condition has been desig- 
nated latent silicosis. 


CASE HISTORIES 

Case 1: In 1930, G. D., age 34, engaged for a few months in the milling of tremolite, a 
chemical allied to asbestos, and later was a mucker in an anthracite mine for a similar 
period. In April, 1935 the jiatient became a pneumatic di'iller at a zinc mine whei'e there 
is known to be a silicosis hazaid. A chest roentgenogram made at the inception of this 
last emplo 3 ’ment gave evidence of a few small calcified lesions in both lungs and in the 
hilar b’mph nodes, ))resumably the result of childhood tuberculosis. The patient de- 
veloped a jileural effusion on the right side in 1939 but after a brief period resumetl work 
as a driller. In May, 1941 he stoiiped work because of illness and was admitted to Raj’ 
Brook in Julj’, 1941. Examination sliowcd the presence of disease limited to the right 
lung and complicated by ideurisy. Tubercle bacilli were later found in the sputum. The 
roentgenograms (figure la) made at the time of entrance were submitted to throe con- 
sultants, e.xperienced in pneumonoconiosis, who concurred that there was no evidence of 
silicosis, an opinion with which we at that time agreed. The left lung field in i)articular 
presented neither the small, widelj’ distributed shadows indicative of silicotic nodulation 
nor exaggeration of the linear markings. In view of the short e.xjiosiire to dust, it was 
reasonable to conclude that the dosage of silica had been insufficient to produce cither 
generalized nodulation or demonstrable linear fibrosis. 

Approximatelj’ one j’ear later minute shadows graduallj’ aj^jjeared in the left lung 
field (figures lb and Ic-) and were crroneouslj’ attributed to miliaiy tubercles. The jiatient 
developed pulmonaiy heart disease with dccomjien.sation and died in .lanuaiy, 1943, 
one and a j’alf j’cars after entering the ho.spital and four j’cars after the original attack of 
jileurisj’. 

Autojisj’ disclosed conglomerate silico-tuberculous lesions in the ajicx and base of t he 
right lung. A multilocular antrum was prc.scnt in the right apex, communicating with 
the right pleural space which was the site of a mixed infection cmpj’cma. Scattered 
throughout the left lung were numerous .silicotic nodules manj’ of which showed evidence 
of tuberculosis as well. Tuberculous disease was predominantlj’ situated within or ad- 
jacent to the silicotic lesions. Numerous asbestos bodies, in this case due to tremolite, 
wore present in the tissues. The loose cellular connective tissue about bronchioles and 
blood vessels and in pulmonaiy sejita was likewise probablj’ due to the action of tremolite. 

* From New York State Hospital for Incipient Pulmonarj’ Tuberculosis, Ray Brook, 
New York. 

- Figure Ic shows midportion of left lung field, enlarged. 
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Ca’>r 2: 15. J., 3(). 1)!ul hoon :i inuckci in a tuMnolitc mine foi one yeai and a diillci 

in a 7 ine mine foi appioMinately tliiiteen yeai-, di^iMndinuin)!; ti'.e last mentioned em- 
ployment in .Ivme. Itl'dll hee.ui^e of outspoken local and eon‘>tilntional \vmpfoms at- 
tiilmtahle to pulmouaiy tulrcrculoM''. Thcic wcie molt'ed .sliadow.s at the S'limmil of 



Fig. la (upper left), Fig. lb (upper right), Fig. Ic (lower left) and Fig 2 (lower right) 


both lung fields and tubeicle bacilli \ieie piesent in the sputum. Linear markings weie 
prominent thioughout the lung fields but theie weie no shadows compatible with geneial- 
ized silicotic nodulation Theiefoio a claim foi compensation i\as disallowed, and the 
case closed, on the giounds that tiieie was no medical evidence to indicate that the 
claimant’s disability was in any \i ay i elated to his employment. This decision w as based 
on authoiitative medical opinion. 
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The disease rapidh’ progressed. Numerous minute shadows appeared on tiie roentgeno- 
gram in all areas not occupied bj' larger mottled shadows (figure 2). A diagnosis of silico- 
tuberculosis was made. Pulmonaiy heart disease ndth decompensation developed and 
the patient died in April, 1943, approximate^" four years after the onset of sjmiptoms. 

Autopsj' disclosed nodular and conglomerate silicosis together with tuberculosis. 


r^3t 0. 5 Ac,C S 7 


JoHt l'^4l 






C.H., Acc 6£ 
Gi'-nitc. S 
Auc,. 3e 


Fig. 3:i (upper left). Fig. 3b (upper right), ami Fig. -1 (Imttoin) 



T)ic reaction to trcmolite was similar to that observed in the first case. The tuberculous 
disease was “largeh' localized in and about the .‘^ilicotic le.«ions.” “In this ca.'^c the causal 
relation.diip between the occupational dust reaction and the .superimposed infection is 
unusually well defined.”^ 

’ Quoted from the autopsy report of Doctor Gardner who made tiic pathological exami- 
nations in each of the 4 cases. 
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Case S: D. S., age 57, had been a mucker in a magnetite mine for twenty-seven years. 
Though feeling perfectly well in February, 1938, a routine chest roentgenogram presented 
a few abnormal shadows at the right apex and in the left first interspace indicative of 
tuberculosis (figure 3a). There was generalized exaggeration of the linear markings 
but no distinct e%ddence of silicotic nodulation. Pulmonary fibrosis due to silica was 
thought to be so slight as to have no bearing on the tuberculous condition. 

In December, 1939 the patient entered Bay Brook with symptoms attributable to 
advanced pulmonary tuberculosis. In addition to the larger mottled shadows on the 
roentgenograms, numerous punctate abnormal shadows were widely distributed in the 
lung fields. A diagnosis of silico-tuberculosis was made. Pulmonary heart disease 
developed and death occurred in July, 1941, approximately three and one-half years after 
the tuberculosis was discovered (figure 3b). 

Autopsy disclosed both silicosis and tuberculosis. Silicosis occurred principallj'’ in the 
discrete nodular form, there being relatively little tendency toward conglomeration. The 
silicotic nodules evidently constituted local areas of decreased resistance, since virtually 
all of them were involved in the tuberculous process. In addition, there were numerous, 
small bronchogenic tuberculous lesions occurring independently of the silicosis. 

Case 4: C. H., age G2, came to us in 1936 suffering from moderately advanced pulmonary 
tuberculosis confined principally to the upper portion of the right lung (figm-e 4). 
Tubercle bacilli were present in the sputum. That he had worked for five years as a 
granite cutter in the Vermont quarries around 1900 (thirty odd years before) was duly 
recorded but, in view of the short period of dust exposure and the absence of roentgeno- 
graphic shadows compatible with generalized linear fibrosis or nodulation, a diagnosis of 
silicosis was not made. The disease progressed steadily in both lungs and was terminated 
by a fatal hemoptysis in February, 1944. 

Autopsy disclosed massive conglomerate silico-tuberculous lesions in both upper lobes 
and in the right middle lobe. The right upper lobe was the site of a large antrum. Else- 
where there were numerous silicotic nodules measuring from 1 to 7 mm. in diameter. 
There was no cellular evidence of tuberculosis in or about the discrete nodules but the 
larger ones contained central areas of necrosis probably due to tuberculosis. As little as 
three years before death the nodules were not roentgenographically demonstrable. They 
had definitely increased in size during the time the patient suffered from advancing pul- 
monary tuberculosis. 

DISCUSSION 

Inhaled mineral dust, if retained, comes to rest for the most part in and about 
the lymphatic channels draining the lungs. There it may excite the formation 
of fibrous tissue, wdiich, if sufficient in amount, is indicated on the roentgenogram 
by generalized exaggeration of the linear markings. Not only does this par- 
ticular roentgenographic appearance follow the inhalation of various dusts, it 
may be simulated by infectious or neoplastic diseases of the lungs and by 
pulmonary congestion, and therefore cannot be regarded as a specific sign of 
silicosis. 

AVith most mineral dusts, regardless of dosage, the fibrous tissue reaction does 
not advance beyond the sta^e which produces exaggeration of the Imear markings 
on the roentgenogram. By contrast, free silica dust, if inhaled in sufficient 
quantitj^ will bring about the formation of wide-spread hyaline fibrous nodules. 
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tlie shadows of which constitute the most distinctive roentgenographic sign of 
silicosis. Sayer and Lanza (1) state that a positive diagnosis of silicosis should 
not be made unless there is “nodulation throughout both lung fields/” — so im- 
portant is this sign considered. 

By this widely accepted standard none of the 4 cases herein presented was 
initially considered to have silicosis of clinical importance. In 2 instances silica 
inhalation by itself was not sufficient to produce any roentgenographically 
demonstrable generalized fibrosis while in 2 there was merely exaggeration of the 
linear markings. No doubt there was an appreciable amount of silica dust in 
the tissues in each instance but not enough pulmonary fibrosis resulted to cast 
well marked shadows on the roentgenograms. In 3 cases the periods of exposure 
to silica dust were relative^ short, seven, fourteen and five years, respectively, 
in keeping with the X-ray findings. 

The late or even terminal appearance of shadows compatible with generalized 
nodulation is apparentl}’’ due to the fact that tuberculosis accelerates the growth 
and enhances the size of the silicotic nodule. In addition, the development of 
tuberculous disease about the nodule further contributes to a more conspicuous 
shadow on the roentgenogram. Certain dust mixtures containing a portion of 
free silica will not bring about the formation of mature silicotic nodules in ex- 
perimental animals unless there is associated tuberculosis (2). In human lungs, 
silicotic nodules tend to be more nmnerous, larger and more typically hyaline in 
the vicinity of tuberculous lesions even though the latter appear pathologically 
inactive. 

In middle-aged men with silicosis the development of rapidly progressive 
tuberculosis suggests that silicosis rendered them more susceptible to the in- 
fectious disease. The intimate association of the two conditions observed under 
the microscope confirms the well known premise that silica dust in the tissues 
provides a soil peculiarly adapted to the development of tuberculosis. The 
cases included in this study are t 3 T)ical in these respects despite the initial latency 
of the silicosis. 

It is understandable that a certain amount of tuberculous disease would be 
likely to develop independently of the silicosis because of the destructive and 
often ulcerative nature of the lesions. Thus, in the first case, tuberculosis in- 
vaded the pleural space; in the second, there were areas of tuberculous pneu- 
monia usually in close proximity to a sUico-tuberculous antrum; in the third case, 
small but widely disseminated bronchogenic tuberculous lesions were found. 
Moreover, 18 of 24 silico-tuberculous patients coming to autopsy at Ray Brook 
showed tuberculous lesions even in distant organs which had not been involved 
in the silicotic process. 

A survey of 77 patients coming to Ray Brook with both silicosis and tuber- 
culosis showed that there was no correlation between the size or number of the 
silicotic nodules determined roentgenographically and the rapidity wiili which 
death from tuberculosis occurred. Therefore, the degree of nodulation is not a 
reliable criterion of susceptibility to tuberculosis even in obvious silicosis. 
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CONCLUSION 

From the c\ndence presented, wa have come to regard with concern a history 
of even relatively short exposure to silica dust in a tuberculous patient. Silicosis 
can exert a harmful effect on the patient’s resistance to tuberculosis even when 
generalized pulmonarj' fibrosis due to silica is so shght that evidence of it is 
meagre or cntirelj' lacking on technically satisfactory roentgenograms. 

CONCLUSIONES 

A juzgar por los dates presentados, debe considcrarse con seriedad, en todo 
tuberculoso, una historia hasta do exposicidn relativamente breve al polvo de 
sflice. La silicosis puede cjcrccr un cfecto nocivo sobre la resistencia del enfermo 
a la tuberculosis, aun cuando sea tan Icve la fibrosis pulmonar generalizada pro- 
ducida por la sllicc, quo los signos de la misma scan escasos o falten por complete 
cn roentgenogramas tdcnicamentc satisfactorios. 
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A MASS CHEST X-RAY SURVEY m PHILADELPHIA 
WAR INDUSTRIES 1 

WILLIAM F. ELKIN,! MARY A. IRWIN and CHARLES KURTZHALZ 

With the development of the inexpensive small film and paper radiogram, the 
routine X-ray examination of the chests of apparently healthy persons has been 
widely accepted as a practical method of discovering unknown eases of tuber- 
culosis. The value of such a procedure has been extensively demonstrated by 
military authorities at induction centres and bj-^ the United States Public Health 
Ser\nce in its nation-wide surve 3 '’s in industry (1). 

On October 28, 1942, the Philadelphia Tuberculosis and Health Association, 
with the cooperation of the United States Pubh’c Health Ser\’ice and the Phila- 
delphia Department of Public Health, began a series of mass X-raj-- surveys in the 
industrial plants of Philadelpliia. By the end of Maj’-, 1945, 169,703 persons had 
been X-rayed in 47 surve 3 ’-s. 

This study is concerned noth the findings on 71,767 civihans emploj^d in the 
Philadelphia Navj’’ Yard, the Frankford Arsenal and the Philadelphia Signal 
Depot. A particular feature of the sm-ve}'’ in these three industries is the fact 
that X-ray examinations were practicallj’’ compulsor 3 ’- and resulted in an un- 
usually high percentage of participation by emplo 3 '^ees. All persons included in 
the survey were working when X-rayed and had been given a preemplo 3 Tnent 
physical examination, not including chest X-ra 3 ’- examination. 

The surve 3 ’- was conducted under the active super^dsion of a Committee on X- 
ray Surve 3 ''s of the Philadelphia Tuberculosis and Health Association, consisting 
of W. Edward Chamberlain, M.D., Professor of Radiology, Temple Universit 3 ’-; 
David A. Cooper, M.D., then Chief of the Division of Tuberculosis of the Phila- 
delphia Department of Public Health; Esmond R. Long, M.D., Director of the 
Henr 3 ’^ Phipps Institute; and Eugene P. Pendergrass, M.D., Professor of Radiol- 
ogy, University of Pennsylvania. 

A photofluorographic iinit was employed and a 4" x 5" film was taken of every 
employee included in this study. All films were processed in the X-ray laboi-atory 
at Temple Universit 3 '^ Hospital. In questionable cases 14" x 17" films were 
used for checking the interpretation of small films. The findings on all significant 
cases were forwarded to the medical officer in each establishment. The diagnosis 
on these cases was completed by a thorough ph 3 ’-sical examination, including 
history, sputrun test and a 14" x 17" X-ray film. The final check-up was usually 
done at one of the City Chest Clinics. Nonresidents of the city were given final 
examinations at the Henry Phipps Institute. A report on all active cases, as 
required by law, was made b 3 ’' the clinic ph 3 ’'sician to the Division of Tuberculosis. 
The follow-up on all cases requiring treatment or supervision was then carried on 

iFrom tlie Philadelphia Tuberculosis and Health Association, Philadelphia, Penn- 
sylvania. 

! Present address; Oak Ridge Department of Health, Oak Ridge, Tennessee. 
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in tlie usual manner through the rarious chest clinics in cooperation with private 
])hysicians. Tlie standards of the National Tuberculosis .‘issociation were fol- 
lowed in the diagnosis of cases and classification of findings. 

For the practical purposes of this study, findings were di\-ided into three gen- 
eral groups: 

I. Reinfection tuberculosis. 

11. Other findings. 

III. Essenti.ally negative. 

Tills grouping is similar to that used bj' the Tuberculosis Control Division of 
the United States Public irealth Ser\nce (1). 

irXTENT OF DISn.VSE 

Attention is called to the fact that this report and the accompanjdng tables 
are based entirely on survc}- film readings. The diagnosis in each individual 
ca.'^e was subject to change following the more complete examination bj' the clinic 
or private physician to whom the employee was referred. 

Table 1 presents the number and per cent of reinfection tuberculosis by extent 
of disease according to race and sox. 

TABLE 1 


Number and per cent of reinfection tuberculosis by extent of disease according to race and sex 


EX-rrvr nr diseash 

^vnirc 

NOS-WniTE 

TOTAL 

Male 

Female 

1 

.Male 

Female 

Num- 

ber 

Per 

cent 

Num* 

ber 

Per 

cent 

Xum- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 

Minimal 

CSS 

GS.4 

1S8 

74.0 

159 

74.0 

43 

75.5 


70.5 

Moderalely advanced. 

251 

20.1 

55 

21.8 

37 

17.2 


17.5 

353 

23.8 

Far advanced 

53 

5.6 

9 

3.0 

19 

8.8 

4 

7.0 

85 

5.7 

Extent of disease un- 











specified" 

90 

— 

15 

— 

20 

— 


B 

147 

— 

Total 

1,05S 


207 


241 


07 

■ 

1,033 



“ Not included in percentage computations. 


Of the 71,767 individuals X-rayed, 1,633, or 2.3 per cent, were classified as 
hatdng X-raj’’ etddence of reinfection tuberculosis. There were 147 cases 
in which the extent of disease was not specified. Of the remainder, 1 ,048 (70.5 per 
cent) were minimal, 353 (23.8 per cent) moderately advanced and 85 (5.7 per 
cent) far advanced. 

As compared with the surveys of the United States Public Health Service, the 
percentage of total cases foimd is somewhat higher in the Philadelphia survey, 
but the proportion of minimal, moderately advanced and far advanced is essenti- 
ally the same. As of December 31, 1944, the United States Public Health Service 
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reported 875,909 X-ray examinations made by its units, including- those owned 
bj’- states but operated b3'' officers of the United States Public Health Service, 
In their sun^eys it was found that reinfection tuberculosis comprised 1.3 per cent 
of the total and was made up of 67.7 per cent minimal, 26.9 per cent moderately 
advanced and 5.4 per cent far advanced (2), 

FINDINGS ACCORDING TO RACE 

A total of 1,325 cases was found in white persons, which represented 2.4 per 
cent of the entire white population X-rayed, In the non-white, 1.9 per cent, or 
308 persons, were found to have reinfection tuberculosis. The white persons 
X-rayed constituted 78 per cent of the total number but accounted for 81 per 
cent of the tuberculosis cases, while non-whites made up 22 per cent of the total 
number surveyed and accounted for 19 per cent of the cases. 

Similar findings were reported in an X-raj*- studj’- on 65,459 persons, conducted 
in New York City and reported bj’' Kurzrok and Anderson (3). In that study, 
18.6 per cent of those survej^ed were white and accounted for 27.4 per cent of the 
tuberculosis cases foimd, while Negroes comprised 71.2 per cent of the group 
X-rayed and produced 62.7 per cent of the cases. 

A possible explanation for the disparity between the incidence of tuberculosis 
uncovered in our X-ray survey of Negro workers in industry and the Philadelphia 
mortality rate for tuberculosis in Negroes of 192 per 100,000, lies in the more exu- 
dative response of the Negro to the tubercle bacillus. He may be too ill when he 
has active disease to be at work. 

INCIDBNCE AND EXTENT OF DISEASE BT AGE GROUPS 

The distribution of cases by age and according to race and sex is entered in 
table 2. 

The median age of persons found with reinfection tuberculosis was 44 years. 
The median age of the total number X-rayed was 31 years. 

The increment in the incidence of tuberculosis parallels the increase in age. 
In the white males the percentage of tuberculosis rises consistentlj^ from 0.3 per 
cent in the 15 to 19 year age group, to 9.4 per cent in the age group 65 and over. 
This hi^er incidence in the older age group is in keeping with the findings of 
Edwards (4) and with the death rates in the general male population as com- 
puted by Drolet (5). This steady increase in tuberculosis incidence is independ- 
ent of both sex and race, as is seen in table 2. 

A similar increase is also apparent in the white females and the non-white 
males, although the small number assigned to some of the indiridual age groups 
subjects the age trend to greater random fluctuation. Even in the non-white 
females, an increase vdth age is obtained when the five-year age groups are com- 
bined into larger ones, thus the percentages of tuberculosis in the latter group 
in the 15 to 24, 25 to 44, and 45 and over age groups are 1.0 per cent, 2.1 per cent 
and 2.8 per cent, respectively. 

Table 3 demonstrates the fact that there was no preponderance of any particu- 
lar stage of disease in any particular age group. 
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CARDIOVASCUIiAR FINDINGS 

While the present study was concerned primarily with the incidence of tuber- 
culosis in an industrial population, the findings included a number of other con- 
ditions, many of which were of clinical significance. Numerically, cardiovascular 
conditions were the most important. Some estimate of their prevalence may be 

TABLE 2 


Reinfection tuberculosis by age according to race and sex 
Number examined, number and ■percentage of reinfection tuberculosis 




WHITE 




NON-WHITE 



TOTAL REINFECTION 


Male 

■ 



Male 


1 Female 

TUBERCULOSIS 


AGE GEOUP 

Number Ex- 
amined 

Tuberculosis 

Per cent 

Number ex- 
amined 

Tuberculosis 

Per cent 

Number ex- 
amined 

Tuberculosis 

Per cent 

Number 

examined 

Tuberculosis 

Per cent 

Number 

X-rayed 

Cases of tu- 
berculosis 

Per cent 

years 

15-19 

3,096 

8 

0.3 

3,691 

24 


j 

; 1,092 

16 

1.5 

444 

2 

0.5 

8,323 

50 

0.6 

20-24 

3,905 

28 


5,183 

45 


1,233 

15 

1.2 

1,133 

13 

1.1 

11, 455“ 

101 

0.9 

25-29 

6,574 

52 


2,274 

34 

1.5 

1,653 

22 

1.3 

825 

16 

1.9 

10,326 

124 

1.2 

30-34 

5,504 

96 

1.7 

1,404 

25 

1.8 

1,828 

34 

1.9 

j 

587 

14 

2.4 

9,324» 

169 

1.8 

35-39 

4,886 

no 

2.3 

1,240 

43 

3.5 

1,790 

37 

2.1 

415 


2.4 

8,332' 

200 


40-44 

4,629 

151 

3.3' 

1,135 

28 

2.5 

1,591 

26 

1.6 

286 

5 

1.7 

7,641 

210 


45-49 

5,077 

219 

4.3 

886 

1 

30 

3.4 

1,631 

43 

2.6 

i 

158 

3 

1.9 

7,752 

295 

3.8 

50-54 

3,456 

195 

5.6 

516 

23 

4.5 

776 

26 

3.4 

1 

70 

1 

1 

1.4 

4,818 

245 

m 

55-59 

1,768 


6.2 

208 

13 

6.3 

384 

14 

3.6 

18 

2 

11.1 

2,378 

138 


60-64 

763 

58 

7.6 

63 

2 

3.2 

160 

1 

6 

3.8 

6 

1 

16.7 

992 

67 


65 and over 

340 

32 

9.4 

20 

— 

— 

62 

2 

1 

3.2: 

— 

1 

— 

422 

34 

M 

All ages 


1,058 

2.7 


267 

1.6 


241 


3,942 

67 

1.7 

71,767“' 

1,633 

2.3 


° Includes 1 white, sex unknown. 

‘ Includes 1 female, color unknown. 

' Includes 1 white, sex unknown. 

Includes 4 of unknown age. 

made from table 4. While these and other abnormalities were reported to the 
medical officers at the industrial plants, the Tuberculosis Association was not in 
a position to follow through in the same manner as was done with tuberculosis, 
and table 4 represents the gross reading of films as they were found incidental 
to the search for tuberculosis. 
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TABLE 3 


Number and per cent of reinfection tuberculosis by age aecording to extent of disease 


ACE GECCP 

NUMBER 

EXAMINED 

MINIMAL 

TUBERCULOSIS 

1 

MODERATELY i 

ADVANCED I 

TUBERCULOSIS 

TAR ADVANCED 
TUBERCULOSIS 

TOTAL reinfec- 
tion TUBER- 
CULOSIS^ 





Number 

' Per cent 


Per cent 


Per cent 

years 

15-19 

S,323 

29 

0.3 

9 

0.1 

2 

0.0 

50 

0.6 

20-24 

11,455 

67 

0.6 

19 

0.2 

1 

7 

0.1 

101 

0.9 

25-29 

10,326 

78 

O.S 

24 

0.2 

9 

0.1 

124 

1.2 

30-34 

9,324 

113 

'1.2 

33 

0.4 

5 

0.1 

169 

1.8 

35-39 

S,332 

129 

1.5 

39 

0.5 

12 

0.1 

200 

2.4 

40-44 

7,641 

141 

1.8 

41 

0.5 

11 

0.1 

210 

2.7 

45-49 

7,752 

181 

2.3 

73 

0.9 

12 

0.2 

295 

3.S 

50-54 

1 

4,818 

157 

3.3 

56 

1.2 

11 

0.2 

425 

5.1 

55-59 

2,378 

91 

3.8 

29 

1.2 

9 

0.4 

138 

5.8 

60-64 

992 

42 

4.2 

19 

1.9 

5 

0.5 

67 

, 6.S 

[ 

65 and over 

422 

20 

4.7 

11 

2.6 

2 

0.5 

34 

8.1 

All ages 

71,767“’ 

1,048 

1.5 

353 

0.5 

85 

0.1 

1,633 

2.3 


“ Includes 4 of unknown age. 

Includes reinfection tuberculosis with extent of disease unspecified. 


TABLE 4 


Cardiovascular findings of presumed significance in 71,767 persons X-rayed 


POSITIVE FINDING OR INTERPRETATION 

NUMBER FOUND 

PER CENT OP THOSE 
X-RAYED 

Widened aorta® 

644 

S3 


Aneurysm 

Heart disease as evidenced by alteration in size or shape 
of heart shadow 

598 

0.8 

Miscellaneous other 

84 

0.1 


Total 

1,409 

2.0 



“ It is obvious that single ventral projections, as used in tuberculosis case finding sur- 
veys, regardless of size of film, are incapable of differentiating, for example, between 
significant and nonsignificant widening of the aortic shadow. A “wide aortic shadow” 
may be produced by a normal aorta due to tortuosity. 






























X-KAY SURVEY IN INDUSTRY 


565 


SUMMARY 

The X-ray findings in a survey of 71,767 ciiilians employed in three large 
military industrial plants in Philadelphia are presented. 

A total of 1,633 persons (2.3 per cent) bore X-ray evidence of damage to the 
lungs by reinfection tuberculosis. There were 147 cases in which the extent of 
the disease was not specified. Of the remaining 1,486, 1,048 (70.5 per cent) were 
minimal, 353 (23.8 per cent) moderately advanced and 85 (5.7 per cent) far 
advanced. 

A total of 1,325 cases was found in white indi^dduals, which represented 2.4 
per cent of the white population X-rayed. In the non-white, 1.9 per cent, or 
308 cases were found. 

The prevalence of tuberculosis increases with age. In white males the per- 
centage of tuberculosis rises consistently from 0.3 per cent in the 15 to 19 year 
age group to 9.4 per cent in the age group 65 and over. This steady increase in 
tuberculosis prevalence is not confined to white males; it was noted also in colored 
males, and in females, both white and colored. 

Cardiovascular abnormalities found incidental to the search for tuberculosis 
numbered 1,409, or 2.0 per cent of those X-rayed. 

SUJIARIO 

En un estudio roentgenoWgico de 71,767 paisanos empleados en tres grandes 
fdbricas de productos militares en Filadelfia, 1,633 (2.3%) mostraron signos 
roentgeno\6gicos de lesiones pulmonares producidas por tuberculosis tipo rein- 
feccidn. En 147 casos no se menciond la extensidn de la enfermedad; de los 
otros 1,486, 1,048 (70.5%) eran minimos, 353 (23.8%) moderadamente avanza- 
dos y 85 (5.7%) miiy avanzados. 

Un total de 1,325 casos correspondid a sujetos blancos que representaban 2.4% 
de la poblacidn blanca radiografiada. Entre las otras razas se descubrieron 308 
casos (1.9%). 

La frccuencia de la tuberculosis aumcnta con la edad. En los varones blancos 
cl porcentaje de tuberculosis se cleva constantemente: de 0.3% en cl grupo de 
15 a 19 auos de edad a 9.4% en el grupo do 65 auos y mas de edad. Este aumento 
constante no se limita a los varones blancos, pues so observa tambidn en los 
negros y en las mujeres de amb.as razas. 

Las anomalfas cardio^'asculares descubiertas fortuitamente en la pesquisa 
de la tuberculosis asccndieron a 1,409; 2% de los radiografiados. 
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TUBERCULIN PPD 

A Single Intennedlntc Dosage Used in Surveying 8,000 Persons 
FRANCISCO J. MENENDEZ' 

In August, 1939 -vve began the systematic studj^ of the tuberculin reactions 
among all those attending the Laenncc Dispensary, extending the study es- 
pecially to those living in the same household with tuberculous persons and to 
those who came for examination through the efforts of the visiting nurses. 

In this manner we are carrjnng on a “TubercuIin-CIuucal-Radiological Sur- 
vey” which has certain characteristics different from the large “Depistage Sur- 
veys.” It is usually the practice in those surveys to examine by X-ray only 
those persons who react to tuberculin, while in our study all persons, positive 
as well as negative, are systematically examined, including a clinical-radiological 
examination, sputum examination, blood examination, etc. On the other hand, 
almost all those examined are well persons with respiratory symptoms, this being 
the reason for which they came to the Dispensary for examination. The ma- 
jority belong to the poorest class and live under bad hygienic-social conditions. 
It is therefore not surprising that the rate of infection and of illness is higher than 
that found in other survey^s carried on in our country. 

We used PPD tuberculin obtained by the Florence B. Seibert method, ap- 
proved and adopted by the Committee on Medical Research of the National 
Tuberculosis Association. 

We began this surv'ey following the recommended technique wHch consists 
in the use of two doses of different strengths. Those who did not react to the 
first injection with the weak dose were given the second test with a stronger dose 
forty-eight hours later. After having examined more than 2,000 persons with 
this technique, our attention was called to the fact that a large mnnber of persons 
failed to agree to the reading of the test. Investigating the possible causes of 
this situation, we found that one of the reasons was based on the fact that, of 
the 75 per cent of the cases which did not react to the first test, many did not 
return for the reading of the second test in spite of all our efforts. We tried to 
obviate this difficulty by the use of a single medium dose w’hicb would fill all 
the needs and comply with all the requisites of the recommended technique of 
two doses; that is, it was sufficiently strong for discovering the greatest posable 
number of tuberculin-positive cases and, at the same time, it would not produce 
a high percentage of serious reactions, cutaneous or otherwise. 

After testing and comparing different dilutions, we adopted as the single me- 
dium dose a dilution four times weaker than the dose used for the second test 
in the recommended technique, or 0.001,25 mg. of PPD (which corresponds to 
0.65 mg. of OT). 

We have made a comparative study of the value of the single medium dose 

' Perseverancia 164, Havana, Cuba. 
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with the “recommended technique” of two doses in two series of cases. In the 
first group of 2,610 cases we used the recommended technique of two doses— a 
first weak dose (0.000,02 mg. of PPD) and a second stronger dose (0.005 mg. of 
PPD). In the second group we examined 5,390 cases using the single medium 
dose (0.001,25 mg. of PPD). 

In the first group (2,610 cases) in which we used two doses of different 
strengths, in 675 cases, or 25.86 per cent, there was no agreement to the reading 
of the test. In the second group (5,390 cases) in which a single medium dose 
was used, there were only 765 cases, or 14.20 per cent, without verification. In 
other words, the number of cases lost by failure of agreement to the reading of 
the test is reduced to a minimum. 

Deducting the cases lost in each of the two groups, there remained for study 
6,560 persons in whom there was agi’eement to the reading of the test, and they 
were given clinical, X-ray and laboratory examinations, divided as follows: 
group I (1 ,935 cases) in which the recommended technique of two doses was used; 
group II (4,625 cases) in which we used the single medium dose. 

Making these two groups the basis of our comparative study of the results 
obtained with both techniques, we found that the percentage of tubercuhn 
reactors is a httle more in group I (recommended technique), namely, 76.85 
per cent; while in group II (the single medium dose) the percentage of reactors 
was 73.40. This small difference, which in our judgment does not invalidate 
the advantages which we feel the single medium dose has, can be easily eliminated 
by retesting with the stronger dose those not reacting to the medium dose. 

With regard to the intensity of the cutaneous reactions in the tuberculin 
reactors, the percentages were similar in the two groups, as can be seen in the 
following tabulation. 

We especially wish to point out that in the four-plus reactions very little 
difference was observed in both groups. 



SECOIOEEKDED TECHNIQUE 

SINGLE UEDTUU DOSE 

First dose 

Second dose 

Total 

Per cent 

Total 

Per cent 

4- 

416 

349 

765 

39.58 

1,744 

37.71 

4-4- 

89 

247 

336 

17.36 

832 

17.99 

4-4-4- 

26 

234 

260 

13.43 

403 

8.72 

-i--l--}-4- 

11 

115 

126 

6.51 

415 

8.89 

Total reactors 



1,487 

76.85 

3,394 

73.40 

Total nonreactors 


i 

448 

23.15 j 

1,231 j 

26.60 


Another interesting aspect of the single medium dose is the economy. As 
only one dose is used, and this is four times weaker than that used in the second 
strength, it represents a great economy in the cost of the tuberculin required. 
Comparing the total ntunber of tests given in the two groups of our survey, the 
difference in cost of the two technioues can be seen. 
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First series (recommended technique) — ^2, CIO cnscs 


Negative to first and second doses 448 cnscs, 9S2 tests 

Positive to first dose 542 eases, 542 tests 

Positive to second dose 945 eases, 1,890 tests 

Without confirming first dose 444 eases, 444 tests 

Without confirming first and second doses 231 eases, 402 tests 


Total tests given, 4,320 Cost, $70.10 

Sceond series (single medium dose) — 5,390 cases 

Total tests given, 5,390 Cost, $24.25 

As one can see the single medium dose is 84 per cent more economical than 
the recommended technique of two doses of different strengths, or, in other words, 
the per capita cost of the tuberculin test was S0.03 in the first group and $0,005 
in the second group, which in the large “Depistage Survey's” represents a con- 
siderable satdng. 

Regarding the use of the PPD solution, we do not believe it necessary for it to 
be freshly prepared, since we have been able to prove experimentally the same 
results in the same group of cases by using solutions recently prepared and that 
conserved for seven weeks in the refrigerator, always taking the necesssary 
aseptic precautions in the preparation of these solutions. 

Following is a brief r4sum4 of the results obtained up to the present time in 
this survey. 

In the 6,560 cases in which agreement in the reading of the tuberculin test 
eristed, 4,881 were positive, or 74.5 per cent, a figure wliich does not represent the 
rate of infection of the Cuban population, since, as we have said before, the total 
number of cases examined comprised persons vdth respiratory sjTnptoms, living 
with tuberculous persons, who belonged to the poor class, the majority of whom 
live under bad hygienic-social conditions. 

In this group of 6,560 cases there were 1,574 with manifest tuberculosis, 
wdiich represents a morbidity rate of 24 per cent. By dividing tliis group into 
reactors and nonreactors to the tuberculin test, the following results were ob- 
tained: 



XUUDER or 
CASES 

IXSIO>?5 

'wrra 

RATE OF 

1 MORBIDITY 

Nonreactors 

1,679 

1,365 

314 

per cent 

18.69 

Reactors 

4,881 

3,621 

1,260 

25.81 


It is of interest to note that, among the nonreactors to the two doses of tuber- 
culin used, 18.69 per cent of the cases showed tuberculous lesions which proves 
that it is' not satisfactory to X-ray only the reactors, as is done in the large 
“Depistage Surveys,” because there exists a high percentage of illness among 
the group of nonreactors. 
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CONCISIONS 

1. ■^Ith the use of the single medium dose, the number of cases lost by lack of 
agreement to the reading of the tost is reduced to about one-half. 

2. The percentage of tuberculin reactors is practically the same using either 
technique. 

3. A marked relationship exists in the percentage of intensity of the cutaneous 
reactions obtained with cither technique. 

4. The single medium dose represents a great economy in time and money 
in the systematic application of the tuberculin test. 

5. The solutions of PPD preserved in the refrigerator conserve their strength 
for seven weeks. 

6. In the “Depistage Surveys” in which only the reactors are X-rayed, it is 
necessary to take into account the nonreactors among whom many cases of tuber- 
culous exist. 


CONCIiUSlONES 

1. Con el empleo de la “dosis media unica,” el numero de cases per didos por 
no concurrir a la lectura de la prueba se reduce practicamente a la mitad. 

2. El porcentage de tuberculino-reacciones positivas es practicamente igual 
con ambas tecnicas. 

3. Existe im marcado paralelismo en el porcentage e intensidad de las 
reacciones cutaneas obtenidas con ambas tecnicas. 

4. La dosis media unica representa una gran economia de tiempo y dinero, 
en la practica sistematica de la tuberculino-reaccidn. 

5. Las soluciones de tuberculina P. P. D. guardadas en el refrigerador con- 
serA'an su potencia durante 7 semanas. 

6. En los Smrej’^s de Depistage no basta con practicar el exdmen radiologico 
solo de los tuberculino-positivos, pues es necesario tener en cuenta que entre 
los no reactores existen muchos casos con tuberculosis enfennedad, que de 
esta suerte se escaparian al control. 



PULMONARY LAVAGE 
A Method for Demonstrating Tubercle Bacilli 

MANGEL DB ABREU* 

The bacteriological examination is of the utmost importance in the diagnosis of 
active pulmonary tuberculosis. The presence of the bacillus really separates 
diseased persons from those who are not. Bacteriological studies are indis- 
pensable in the planning of any social or prophylactic measures. The systematic 
and periodical examination by means of fluorography, discovering bearers of 
shadows in the lungs, frequently during the initial period of tuberculosis, has 
come to prove that bacteriological examination according to customary tech- 
niques is not entirely satisfactory. . A large number of problems appear with 
serious consequences. Are we dealing with progressive or residual tuberculosis? 
Should we give pneumothorax or should we wait? In the case of an employee or 
laborer should he be admitted, be given leave of absence, pensioned off? Should 
a health certificate be granted or not? The presence or absence of the bacillus in 
the sputum constitutes thus the indispensable complement to the radiographical 
examination, without which there can be no etiological-pathological diagnosis. 

In order to resolve such a distressing problem, phtliisiologists are resorting to 
the examination of the sputum and gastric lavage. The former requires the 
presence of sputum in sufficient quality and quantity and is, therefore, useful 
mostly in cases of progressive pulmonary tuberculosis, often noth cavities. Gas- 
tric lavage is not always reliable and, in patients with active tuberculosis, may be 
repeatedly negative. Indeed, the presence of broncho-alveolar secretion in the 
fasting stomach varies in proportion to several factors which render the above 
mentioned examination deficient and laborious. 

With these considerations in mind, and participating in a Diagnosis Revision 
Committee which handles numerous cases, which demand a rapid and accurate 
diagnosis, we thought of using a new technique, the pulmonary lavage or tracheo- 
bronchoalveolar lavage, which seems to us to be the solution to the problem of 
demonstrating tubercle bacilli. 

TECHNIQUE OP THE LUNG LAVAGE 

We give below the two techniques of pulmonary lavage: 

First Technique: 

1. Anesthesia of the tonsillar plicae, uvula and pharynx, using 1 to 2 cc. of a 0.5 per 
cent solution of novotutocain. The anesthesia should be applied slowly with 
a small syringe of 2 cc. capacity. Stovaine in 2 per cent solution sometimes gives 
good results. The anesthetic solution must be prepared just before its applica- 
tion or prese^ed in closed ampoules. 

2. Wait three or four minutes until the patient demonstrates sensations peculiar 
to the action of the anesthetic. 


' llio de Janeiro, Brazil. 
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3. Slight traction and fixation of the tongue with the hand, protected by a gauze 
dressing. Anesthesia of the phnrjTix, larj’^nx and tracheobronchial channel during 
inhalation (1 to 2 cc. of the .s;imc 0.5 per cent solution of novotutocain). Proceed 
slowly, while the patient inhales. 

4. Provoke cough and collect secretion or matcri.al for axamination. Tliis collection 
should be made from the beginning of the experiment. 

Second Technique: 

1, 2 and 3 have already been explained above. 

4. Wait for about fi've minutes in order to verify the effect of the anesthetic, using 
the smallest possible dose of novotutocain. 

5. Inject, under the same conditions, from 5 to 10 cc. of phirsiological saline solution 
during inlialation. 

6. Provoke cough and collect secretion or material for examination. 

We advise previous cleansing of tlie mouth and the removal of false teeth, 
dental plates, etc. The phase of collection of the secretion should also be pro- 
longed, so as to obtain abundant material. 

The patient should be in a fasting condition, even remaining so up to two hours 
after the exi)eriment, because of the effect of the anesthetic. 

We are convinced that the technique of pulmonary lavage has become a simple 
operation to obtain tracheobronchial secretion. In the last lavages we used only 
exceptionally 10 cc. of saline following application of the anesthetic. In most 
cases, the first two steps of the anesthesia process, with 4 cc. of 0.5 per cent novo- 
tutocain, have enabled us to obtain secretion in suflBcient quantity for bacterio- 
logical e.xamination. In this case, the collection of the material should take place 
during anesthesia and should be carried out as long as required. Such a tech- 
nique, in which the minimum quantity of liquid is aspirated, seems satisfactory, 
rendering the method not dangerous, even in cases of chronic pulmonary diseases. 

The second technique is only used when simple anesthesia does not produce the 
desired effects, in cases with slight lesions without spontaneous expectoration. 

ACnVB AND INACnVE TUBERCULOSIS 

The aim of the Diagnosis Revision Committee is to ascertain as quickly as 
possible in which classification the patient belongs according to the following 
classification: 


Nontuberculous disease. 

Inactive tuberculosis. 

Active tuberculosis. 

In the case of a nontuberculous disease, a diagnosis should be arrived at and 
this has been done in several instances (emphysema, air cysts, congenital bronchi- 
ectasis, other pulmonary diseases, cardiovascular disease, etc.). 

The activity or progressive potentiality of tuberculous lesions is reflected in the 
sjTnptomatology, in radiographic findings and in bacteriological data. The 
latter seem to us to be the most important, especially if the material collected by 



572 


MANOEL DE ABRETJ 


lavage is cultured and iuoculatod into guinea pigs. We have observed perfect 
agreement between radiography and bacteriology. In only 3 cases did the radio- 
grapliic shadow appear relatively large while the bacteriological findings were 
negative. Such apparent disagreement should be cleared up by prolonged ob- 
servation of the patients, who may have closed tuberculosis or nontuberculous 
diseases, such as blastomycosis. Cases with a tomographic diagnosis of a cavity, 
which sometimes has a small diameter, have revealed positive lavages. One 
case of primarj' tuberculosis in an adult (primarj' complex and erji-heraa no- 
dosum) revealed a positive lavage. 

Generalty spealdng, the fibrous forms, accompanied by calcification, were 
negative on bacteriological examination. On the contrary', exudative and ex- 
cavated forms were positive. 

Only once has a lavage of the lung been repeated, in the case of a discrepancy 
between radiographic and bacteriological findings. The second test confirmed 
the first. No bacilli were found. 

Another important point is the following: the majority of the positive cultures 
presented few colonies, sometimes one or two in five tubes, for it concerned pauci- 
bacillary patients with several previous negative examinations. The aforesaid 
circumstance demonstrates the efficiency of pulmonary lavage, followed by a 
thorough bacteriological test. 


BACTERIOLOGT 

Direct examination, culture on Loewenstein's medium and guinea pig inocula- 
tion are systematically made. Culture and inoculation are indispensable, es- 
pecially in forms of tuberculosis without sputum or vdth a negative one. In 32 
positive lavages, the positive findings were obtained by the following techniques: 

Direct examination '. 5-15. G per cent 

Culture 22-CS.S per cent 

Inoculation 5-15.6 per cent 


Total 32 

Thus, direct examination without digestion was positive five times. In about 
70 per cent of the cases culture revealed the presence of bacilli, usually with a 
few colonies in each tube. Lastly, in approximately 16 per cent of the lavages, 
only inoculation proved decisive. 

In the 32 cases of positive examination, innumerous negative tests had 
been made in the usual manner, including gastric lavage. 

STATISTICS 

Until now, 450 lung lavages have been performed, of which 313 are complete. 
In the rest, the time necessary for obtaining the results of cultures and guinea pig 
inoculations has not elapsed. 

These first statistics reveal the following results: Pulmonary lavage in patients 
without sputum or with negative sputum (313 original cases): 
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A’umifr 

h'tialite 

Posilhe 

Suspected 

176 

160 

16— 9.1 per cent 

P.Atients .and ex-p.aticnts 

137 

105 

32—23.4 per cent 

Total 

313 

265 

4S— 15.4 per cent 


In our first 42 lavages we had 33.3 per cent positive findings; in the last 38, 
however, tins Avas reduced to 7.9 per cent. The presence of the bacillus depends 
on the human material, being more frequent in patients under treatment or 
clinically cured, but rarer in suspected persons who are bearers of discrete shad- 
ows, revealed by systematic radiogx'aphic examination. 

A comparative study between imlmonary and gastric lavage is being made. 
Dr. R. Fernandes made the two tests on the same day on 18 apparently cured 
patients, at the Miguel Pereira Hospital. Here are the results: 


Stomach Lung 

Negative 17 10 

Positive 1 — 5.6 per cent S— 44.4 per cent 


We emphasize the following fact: the patients appeared to be clinically cured 
and, in addition, the gastric lavages were performed with exacting skill, that is, 
after pretdous hospitalization. 


CONCritJSIONS 

Pulmonary lavage is yet at the beginning of its application. It is a new 
method which needs long observation to determine definitelj’’ its harmlessness 
and efficiency. At tliis stage it is possible to state that the supra- or trans- 
glottic AA^ay offers no danger (450 cases), although it should be performed AAdth 
the utmost exactitude by using efficient anesthetics in the smallest possible doses. 
In accordance with om’ data, it seems to us that pulmonarj’- laA'^age surpasses in 
efficiency that of the stomach, being also easier to perform. The negative results 
correspond radiographically to fibrocalcareous and fibrous lesions; the positive, 
to exudath'e, fibro-exudatiA^e and cavitary lesions. We are, at the present 
moment, making a revision of the radiographic interpretation, in the light of the 
information from tomography and phlmonary lavage. There is no doubt that 
' the neAv method, by determining more precisely the presence or absence of the 
bacillus, has, in a measure hitherto unknoAvn, contributed to the diagnosis of 
acth'e, open and conta^ous tuberculosis, which is indispensable to treatment, 
prophylaxis and social or administratiA^e measures. 

CONCIiUSIONES 

El laA'ado pulmonar encudntrase todaAda en sus comienzos, representando una 
nueva t4cnica que exige observacidn prolongada a fin de determiner definitiva- 
mente su inocuidad y eficacia. En esta etapa ya se puede declarer que la via 
supra- o trans-gl6tica no entrana peligro (450 casos), aunque la intervencidn 
debe ser ejecutada con la mayor precisidn y utilizando anestdticos eficaces a las 
menores dosis posibles. Segiin los datos disponibles, el lavado pulmonar supera 
aparentemente al gastrico .en eficacia, siendo ademds mas fdcil de ejecutar. 
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Radiogrdficamente, los resultados negatives corresponden a lesiones fibro- 
calcdreas y fibrosas; los positives, a exudativas, fibro-exudativas y cavitarias. 
A la luz de los dates aportados por la tomografia y el lavado pulmonar, la inter- 
pretacidn radiogrdfica se halla ahora en vlas de revisidn. No cabe duda de que 
el nuevo mdtodo, por determinar con mayor precisidn la presencia o ausencia del 
bacilo, ha contribuido, en un grade desconocido toda%da, al diagndstico de la 
tuberculosis activa, abierta y contagiosa, lo que es indispensable para el trata- 
miento, la profilaxis y las providencias sociales o administrativas que estdn 
indicadas. 

We arc indebted to our colleagues F. Magarao, J. Dauster, R. Fernandes, G. Ribeiro and 
Machado Junior for their invaluable collaboration in this work. 



COMBmATlON EGG MEDIA FOR THE DIAGNOSTIC CULTURE OF 

TUBERCLE BACILLI i"- 

H. J; COUPER AKD MAURICE L. COHN 

Two decades after the initial quantitative studies of the value of nutrients for 
tubercle bacilli (1), it is being conceded that cultural methods are equal to animal 
(guinea pig) inoculation for the diagnostic disclosure of small numbers of tubercle 
bacilli, and that the economical as well as practical culture methods possess a 
number of decided advantages over animal inoculation tests (2), Cultural meth- 
ods ha^’c replaced animal tests in many health department, sanatorium and 
private laboratories. The use of this delicate diagnostic method has been 
c-xtended considerably so that the clinician depends upon this valuable means to 
determine more accurateh’’ whether his patients are negative in so far as expelling 
tubercle bacilli is concerned. 

Cultural methods in the past have proved highly efficient; but, since there is 
no perfect biological method or test, perfection could hardly be expected. Im- 
provements and simplifications are still possible, particularljr along the line of the 
critical experiences of the past. E^'er since the earliest attempts to develop 
diagnostic culture methods for the isolation of tubercle bacilli, it was recognized 
that this procedure depended upon certain definite and indj\ddual parts wliich 
bore careful and separate evaluation as well as combined consideration. For 
the sake of arbitrarj' convenience, therefore, diagnostic culture methods depend 
upon several involved indmdual features and their subordinate parts to attain 
the requirements prescribed for a perfect method. Primary in the consideration 
of these divisions or factors would appear to be the choice of a simple and efficient 
nutrient and, subordinate to this, would be a consideration of anj"^ factors either 
reenforcing or interfering vlth the nutrients. 

In prevdous communications (3) it was pointed out that potato and egg proved 
to be entirely adequate nutrients, as tested by quantitative planting methods, 
and that the yolk possessed certain superiority over the white especially and the 
whole egg as well. This has now been verified adequately by other observers 
(4, 5), and in comparative tests it was shown that the addition of numerous 
other ingredients added nothing to the high efficienc}' of an appropriately pre- 
pared egg-yoUc medium. In 1915 Petroff (6), who pioneered in the field of 
diagnostic culture methods, suggested the addition of gentian violet to an egg 
medium to retard the growth of such contaminating microorganisms which had 
escaped his preliminary sodium hydroxide treatment; but the concentration of 
dye used also retarded the development of small plantings of tubercle bacilli 
and has accordingly been omitted from most media, including potato media, 
prepared since then. During this period when the search for retardants was 
considered important, malachite green also became popular for its retarding 
action on contaminants and its attractive color which was, however, decolorized 

1 Prom the Research Department, National Jewish Hospital, Denver, Colorado. 

^ This investigation was aided by a gift from Mr. and Mrs. Lothair S. Kohnstamm. 
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(reduced) by the growth of the tubercle bacilli in egg media. In Petragnani’s 
medium, a complex mixture, and in Hohn’s medium, also a mixture, malachite 
green attracted attention both as color and retardant. However, later Loewen- 
stein used another attractive color, congo red, vdthout retarding effect upon 
either contaminants or tubercle bacilh nor did this dye become decolorized. 
Thus certam students preferred either to omit dyes or to choose them mainly for 
color value and wdth equally good results. The stress then was placed on the 
use of complex mixture media which had not been submitted to scientific evalua- 
tion. This evaluation was done in 1942 (7) with the result that a simple egg- 
yolk medium described in 1933 (3) was found equal in efficiency to any multiple 
mixture medium thus far described for growing small numbers of mammalian 
tubercle bacilh. At that time, it w'as noted that the addition of potato contrib- 
uted nothtug to the efficiency of the egg media but may only yield more volumi- 
nous and elevated final colony growth. However, Ordway, Medlar and Sasano 
(8), who had previously been partial to the guinea pig, saw decided value in the 
culture and, in 1943 (9), described their egg-yolk-potato medium. It consisted 
of ground Irish potatoes (200 g.), glycerol (60 cc.), citric acid (0.2 g.), distilled 
water (1,000 cc.), to which was added guinea pig blood powder (from blood clots), 
egg-yolk and malachite green. Sterihzation as prescribed by them seemed inade- 
quate since the mixture was kept at 90°C. for one hour only, but this satisfied 
their test. Although still maintaining that “the egg-yolk-potato medium closely 
approximates, but does not quite equal, the guinea pig test,” thej’’ state that 
“The difference we have found is not sufficient to further wan-ant the use of 
guinea pigs in a routine diagnostic service, from the standpoint of economy 
alone.” 

In 1942 McCarter and I^anne (5) favored egg-yolk media over whole egg media 
for the isolation of human and bovine tubercle bacilli. In 1944 Powelson and 
McCarter (10) felt that Hohn’s medium with buffer salts, asparagin, beaten 
whole eggs and 2 per cent aqueous solution of malachite green oxalate was 
preferable to plain egg-yolk medium, wdth or without malachite green, because 
the good nutrient quafities of the latter encouraged growth of contaminants. 
However, their result might question the efficiency of the sterilization procedure 
used for their egg-yolk medium. 

Now in the second important division, diagnostic culture for tubercle bacilli, 
that of the preliminary destruction of contaminating microorganisms in the 
pathological specimen, many reagents have been tried. Four have sundved, 
including sodium h 3 'droxide (3 or 4 per cent), sulphuric acid (6 per cent), hj’dro- 
chloric acid (3 per cent), and finally 5 per cent oxalic acid which can be prepared 
from chemically pure and stable crystals, while all the foregoing reagents are 
more or less unsuited because of the uncertainty of chemical concentration and 
the difficulty of preparation. Yet it must be recognized that not one of these 
reagents has yet achieved the perfection of alw’ays destroying all contaminants 
satisfactority without injuty to the desired growih of tubercle bacilli. Further 
work on this is one of the problems still open for future study. However, it is 
not to be inferred that reliable results caimot be obtained from the careful and 
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proper use of any of these reagents. Their use requires caution and intelligence 
in procedure for best results. Therefore, it is adidsablc to use at least three and 
preferably five separate tube plantings to insure optimum and satisfactoiy find- 
ings with individual specimens so that the failure of any one or two tubes may 
not lead to complete failure of the test. 

In a recent meeting of the Committee on Evaluation of Laboratory Procedures 
of the --Vnierican Trudeau Society, held in Chicago, February 2, 1945, a number 
of important problems concerning the value and methods of diagnostic culture 
for isolating mammalian tubercle bacilli were discussed. At the suggestion of 
Dr. C. Eugene "WoodnifY, Chairman, a formula for a combined egg-yolk and 
potato medium Avas prescribed by Dr. E. R. hledlar in consultation Avith the rest 
of the Committee to find out whether the addition of the potato to the yolk 
contributed anything to the efficiency of the diagnostic medium. In addition, 
the Committee members were to stud 3 ' the matter of dj-e or contrast staining 
of the medium, AA'hich is to be reported on subsequent^', in order to make early 
grcAA-th more readily discernible. The potato-egg-yolk medium suggested by 
Doctor ^Medlar and the Committee for test Avas as folloAvs, Avhilc a plain yolk 
medium was to be used for comparison: potato, 100 g.; gb'ccrol, 30 cc.; distilled 
water, 500 cc.; and egg-yolk, 500 cc, (March 29, 1945, brief report from C. Eugene 
Woodruff, M.D., Chairman). “The question of Avhether a dj'e can be added to 
the medium AA-ithout inhibiting growth of tubercle bacilli is to be inA'cstigated by 
members of the Committee, also the possibility of obtaining a non-bacteriostatic 
black dye.” 

With the directives of the Committee as guide, the folloAving tests Avere 
performed. The egg-yolk-potato medium aabs prepared: 100 g. of grated pota- 
toes Avere so handled in expedited fasliion to aA'oid detrimental air effects and 
broAATiing and Avere mixed AA*ith 30 cc. pure glj’’cerol and 500 cc. distilled AA'ater; 
the potato imxture AA'as autoclaved at 15 lbs. pressure for thirty minutes and, 
after cooling, was mixed A\dth 500 cc. of fresh egg-jmUc. The mixture was then 
carefully tubed, slanted, and sterilized by appropriate autoclaA'ing for tAventy 
minutes at 15 lbs. pressure, using necessary precautions to avoid bubbling of the 
medium and sterilizer air pockets. For comparison, simply prepared 3 per cent 
glycerol-egg-yolk medium was used, first described in 1933 (3). Graded planting 
tests Avere performed, using fiA’^e laboratory strains of human and bovine (eu- 
genic) tubercle bacilli and four recently isolated human sputum strains. Tlie 
use of natural sputum or pathological specimens is never of value for accurate 
evaluation of the nutrient value of a medium for groAAing small numbers of tu- 
bercle bacilli, since they are composed of irregularlj’^ distributed material, vary- 
ing from planting sample to sample sufficiently to vitiate comparison. The re- 
sults of these studies Avith the egg-yolk medium and the yolk-potato medium are 
recorded in table 1. 

The results recorded in table 1 do not justify the conclusion that a medium 
consisting of a mixture of potato and egg-yolk is superior to a medium consisting 
of egg-yolk Avithout potato in so far as early groAvth or number of positive cul- 
tures is concerned. Actually, there appeared to be a retardation of the groA\dh 
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in time of appearance in tlic j'olk-potato mixture as compared with the yolk 
medium alone. Tliis, however, was of no practical import and therefore re- 
solved itself into a question of simplicit}' of preparation, which made the egg-yolk 
medium the logical choice. Since the addition of potato is more liable to im- 
proper preparation as far as age, deterioration, etc. is concerned, which led to 

TABLE 1 


Comparison of simple cgg-yolk with cgg-yolk-potalo medium for (he diagnoslie culture of 

mammalian tubercle bacilli 


STSAIN 

MEDIxm 

AilOUST OP TUTJtXCtE BACIXU IN ITILUCILAKS 

(rcR CUBIC cENtnmxR) in suspension used roi 
rLANTINO CUETUET TUBES 



10-* 

10-‘ 

10 -* 

icr> 

“ Avirulent human” 

Yolk 

2t 

2 

3 

3 - 


Yolk and potato 

2 ! 

2 

3 

4‘ 

400S 

Yolk 

o 

3 

4 

5 


Yolk and potato 

3 

3 

4 

6 

H37 RV 

Yolk 

2 

2 

3 

3 


Yolk and potato 

1 

2 

3 

3 

4 

Gluckson 

Yolk 

2 

2 

3 

3 


Yolk and potato 

2 

2 

3 

3» 

Bovine virulent 

Yolk 

2 

2 1 

3 

3 


Yolk and potato 

2 

2 

3 

3 

3145* 

Yolk i 

2 

4 

4 

0 


Yolk and potato 1 

i 

3 

4 

4 

0 

4105* 

Yolk 

2 

2 

4 

0 


Yolk and potato 

1 

3 

3 

4 

0 

4265* 

Yolk 

2 

2 

3 

4‘ 


Yolk and potato 

2 

2 

3 

4* 

535* 

Yolk 

2 

2 

3 

6‘ 


Yolk and potato 

2 

2 

3 

6- 


* Original sputum isolations. 

t The numeral indicates the number of weeks' incubation after which the culture became 
positive. When all 3 tubes are positive, no exponent is used; exponent 1 and 2 indicate one 
or two tubes positive. 

its lack of popularity previously, it would seem well to avoid such difficulties by a 
more stable and reliable basic substance such as the fresh egg-yolk. Egg-3’’oIk 
does not show alteration when exposed to air or like natural influences readily 
affecting the composition of the potato and disturbing its nutrient value for tu- 
bercle bacilli. 
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In 1942 (7) it was reported that Petragnani’s medium was not superior to 
the egg-yolk medium, but no particular attention was paid to the dye, malachite 
green, used in this medium. It appeared that malachite green was the attraction 
which encouraged technicians to adhere to this medium for diagnostic cultures of 
mammalian tubercle bacilli. Just what attraction malachite green could be 
was not certain; but, for further elucidation, it seemed desirable to try Petrag- 
nani’s medium again and compare it with a simple yolk medium containing 
malachite green in various concentrations. Thus it would be possible to place a 
better interpretation both on the media and the dye, which latter was credited 
with retardant action against contaminants. The Petragnani medium (differing 
slightly from that used previously (7)) consisted of potato 75 g., milk (cream 
removed) 150 cc., potato flour 6 g., and peptone 10 g. The foregoing was mixed 
and heated in a double boiler for ten minutes with frequent stirring. After the 
mixture became pasty, heating was continued for one hour. Sterile distilled 
water was added to malce to desired volume. The mixture was cooled to 50'* C., 
and to this was added a mixture of 4 whole eggs and the yolk of one egg, glycerol 
12 cc., and 10 cc. of a 2 per cent aqueous solution of malachite green. A standard 
Coleman and Bell dye, certified for biological use with 96 per cent dye content, 
was used in these preparations. The foregoing medium contained approxi- 
mately 0.04 per cent malachite green, and on this basis the tabulated percentages 
are given comparatively. The cultural studies were made with three strains of 
mammalian tubercle bacilli, two human strains and one bovine. Plantings were 
carried from 0.01 to 0.000,000,01 mg. of fine suspension. The findings for the 
human strain 4008 are recorded briefly in table 2, which is essentially the same 
as for both human strains tested; and table 3 for a eugonic virulent bovine 
strain of tubercle bacilli. 

The findings recorded in table 2 indicate that the yolk medium as compared 
with the Petragnani medium containing 0.04 per cent malachite green possesses a 
slight advantage in ability to support the growth of small plantings of human 
tubercle bacilli, probably because of a slight retarding effect of the malachite 
green in the concentration (0.04 per cent) recommended for coloring Petragnani’s 
medium. This conclusion is borne out by the further findings recorded in table 
2, in which it is noted that increasing concentrations of malachite green, from 
0.01 to 0.1 per cent, added to the yolk medium or the Petragnani mixture tend 
to retard growth as compared with the plain yolk medium. This same conclusion 
is borne out by a careful study of colony formation on the malachite green media 
in which it is noted that the dye tends to retard colony spread with the result that 
there is a tendency to individual colony formation on the malachite green media 
which may at times lead to the deception of a better growth rather than the 
limitation exerted by the dye on spread of growth. 

In table 3 the findings recorded for the human tubercle bacilli are essentially 
duplicated with the virulent eugonic strain of bovine tubercle bacilli tested — ^a 
retardation in the small plantings of the dye-containing media as compared with 
the plain yolk media. The dye retardation does not appear to be absolute in the 
concentrations up to 0.1 per cent although becoming more evident at 0.2 per cent. 
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TABLE 2 


Comparison of yolk-plpccrol-u'alcr medium and Petragnani's medium and effect of 
malachite green on groirlh of xdrulcnt hmnan tubercle hacilli 


urotcru 

rnn ersT wm.a- 
ciirn: ciitivN 

AuocvT or Ttrnr»ci.r. ii\ctLU (too?*) ik MttuosAun (rr* cente ers-n- 
urrr.t) la scsraasioas csfti ros rusurrm ccLTCir. Turts 

io-« ! 

to-* 

to-* 

to-* 

Yolk 

I 0 

2t i 

3 

3 

4’ 


> 0.01 

2 

3 

4 

7« 


[ 0.02 

o 

3 

4 

0 


o.ot 

3 

3 

4 

8 ‘ 


O.OG 

3 

4 

5- 

0 


O.OS 

3 

4 

5 

0 

1 

0.1 

4 

] 

4 

C' 

0 

Petragnani 

0.01 

2 

3 

3 

0 


0.02 

2 

3 

4 

0 


o.oit 

2 

3 

4 

0 


O.OG 

2 

3 

4 

0 


O.OS 

3 

3 

4 

0 


0.1 

2 

3 

4 

0 


* Only the results with human strain -tOOS are rccorclcd since essentially the same findings 
were attained with the other human strain used. 

t The numeral indicates the number of weeks when growth first appeared. An exponent 
(1 or 2) designates the number of positive tubes; no exponent «= all three tubes positive, 
t This is the approximate concentration of malachite green used by Petragnani. 

TABLE .3 


Comparison of yolk medium and Petragnani’s malachite green medium on the groicth of 
virulent bovine (cugonic) tubercle bacilli 


uEoruu 

TEU CENT ^Al-A- 

cnrrr. cseen 

AUODNT or xminscix nAntu (vnim.FST rsovmz) la uiujcsams (m conic 
ccimireTCR) IK sosrENstoKS 05CD ror. piaktikg ccwniE Tones 

10-* 

10-< 

to-* 

io-» 

Yolk 

0 

2* 

2 

3 

51 



2 

2 

3 

4= 



2 

2 

3 

0 


0.04 

2 

2 

3 

5* 


O.OG 

2 

2 

3 

31 


O.OS 

2 

3 

3 

S‘ 


0.1 

2 

3 

3 

4* 

Petragnani 

0.01 

2 

3 

3 

5‘ 


0.02 

2 

3 

4 

51 


o.oit 

2 

3 

4 

4» 


O.OG 

2 

3 

4 

5 


0.08 

3 

3 

5 

0 


0.1 

3 

4 

5 

C‘ 


* The numeral indicates the number of weeks when growth first appeared. An exponent 
(1 or 2) designates the number of positive tubes; no exponent = all three tubes positive, 
t This is the approximate concentration of malachite green used by Petragnani. 
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The dye in these amounts is not a cidal dye but rather acts only as a static dye 
in concentrations up to 0.1 per cent in these media. It is interesting also that 
the tubercle bacilli are able to decolorize malachite green around the colonies in 
the egg medium, vitiating to some extent the contrast color value; this may lead 
even to deception of extent of groudh if not read carefully. 

SUMALVRY AND CONCLUSIONS 

1. The addition of potato or potato products to egg-yolk does not appear to 
add any value to the latter as nutrient for human or bovine tubercle bacilli and 
is unessential for diagnostic culture for tubercle bacilli. 

2. The addition of malachite green in concentrations of 0.01 to 0.1 per cent to 
egg media tends to retard particular^ the groudh from small plantings of human 
and bovine tubercle bacilli. In these concentrations, the dj^e acts as a static 
agent but not as a cidal agent. In the close proximity of colonies of mammalian 
tubercle bacilli, the malachite green in egg-yolk or Petragnani’s medium is re- 
duced and loses its color, thus leading to possible error in reading cultures. 

3. Petragnani’s multiple mixture medium does not appear to be as good a 
nutrient for the growth of small plantings of mammalian tubercle bacilli as the 
simple egg-yolk medium, apparentl}'- because of the slight retarding effect of the 
malachite green. Economicallj’’, it is less easily prepared consistentlj’-. 

4. If color contrast is desired in a nutrient medium for the diagnostic growth 
of small numbers of mammalian tubercle bacilli, such coloring material should be 
of the most striking contrast value. This dye should be nonstatic and stable. 
It should be incapable of reduction or discolorization by the growing bacilli. It 
should not color the tubercle bacilli themselves. Such a dye is now in con- 
templation. 


STOLVRIO Y CONCLUSIONES 

1. La adicidn de patatas o productos de patatas a la yema de huevo aparente- 
mente nada agrega a la ffltima como principio nutriente para los bacilos tuber- 
culosos humanos o bovinos y no es indispensable para los cultivos de bacilos 
tuber culosos con mira al diagndstico. 

2. La adicidn de verde de malaquita a concentraciones de 0.01 a 0.1% a los 
medios de huevo tiende a retardar en particular las colonias de las pequenas 
siembras de bacilos tuberculoses humanos y bovinos. * A esas concentraciones 
cl colorante actua como agente estdtico pero no bactericida. En la proxmiidad 
inmediata de las colonias de los bacilos tuberculosos de mamiferos, el verde de 
malaquita agregado a la yema de huevo o al medio de Petragnani es reducido y 
pierde su color, lo cual puede motivar errores al interpretar los cultivos. 

3. El medio de mezcla multiple de Petragnani no parece ser tan buen nutrien- 
te parael desarrollo delas pequenas siembras de bacilos tuberculosos de mami- 
feros como el simple medio de yema de huevo, aparentemente debido al ligero 
efecto retardador del verde de malaquita. Desde el punto de ^^sta de la eco- 
nomla, aqu61 por lo general tambi4n es menos facil de preparar. 
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4. Si se desea un contraste crdmico en un medio nutriente para el cultivo de 
pequenos numeros de bacdos tuberculoses de mamlferos, con mira al diagndstico, 
el colorante debe mostrar el mds notable contraste, Tampoco debe ser estdtico 
aunque estable 3’- debe resistir la reduccidn o decoloracidn por parte de los bacilos 
en desarrollo, pero sin tenir los bacilos tuberculoses mismos. Un colorante de 
esa naturaleza se halla ahora en estudio. 
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TUBERCULIN ALLERGY IN PATIENTS CRITICALLY ILL WITH 

TUBERCULOSIS! 

C. EUGENE WOODRUFF 

It is well known that tuberculous patients in the terminal stages of their illness 
frequently lose the capacity to react to the usual skin-test doses of tuberculin. 
In 1908 von Pirquet (1) noted that tuberculin sensitivit 3 ’' is frequently lost in 
cachectic states, or when the patient becomes moribund. Mantoux (2), also, 
observed that patients may become anergic to tuberculin in measles, meningitis, 
nuliarj’^ tuberculosis and in advanced disease with marked toxemia. However, 
the time element in the loss of sensithdty, which is the subject of the present 
study, has not been adequately studied heretofore. Data obtained from tuber- 
culin tests on 64 patients, 16 years of age or older, who died at the Wm. H. May- 
bury Sanatorium during the five-month period, Januarj*' 14 to June 14, 1944, 
constitute the material on which this study is based. 

METHODS 

On admission to the Sanatorium, all patients are given an intracutaneous 
tubercuhn test using 0.1 ml. of a 1 ; 10,000 dilution of OT^ (0.01 mg.). The tests 
are observed at the end of forty-eight hours; an area of induration 5 mm. or 
more in diameter .being considered a positive test. Patients negative to the 
first dilution are retested at forty-eight-hour intervals with tuberculin ten times 
as concentrated, the final dilution used being 1:10 OT (10 mg.). Following 
these admission tests, when a patient’s name appeared on the critical list he was 
similarly tested, at monthly or more frequent intervals, an attempt being made 
to obtain a sensitivity reading within ten days or less of his death. 

From the various sensitmty readings, curves which represent the changes in 
the allergic state of each patient have been plotted. In constructing these 
curves the sensitivity levels were indicated as 0, 10, 100, 1,000 and 10,000 depend- 
ing upon the dilution of tuberculin to which the patient proved sensitive. For 
example, a minimal positive reaction (that is, a 5 mm. reaction) to 1 : 10,000 OT 
was plotted directly on the 10,000 level. Similarly, 5 mm. reactions to 1 : 1,000, 
1:100, and 1:10 OT were plotted respectively on the 1,000, the 100 and the 10 
levels. The 0 level, for patients who failed to react to 1:10 OT, was placed 
arbitrarily a short distance below the 10 level. Interpolations between the 
various levels were made as follows: a 10 nun. (average diameter) reaction to 
1:1,000 OT was plotted one-fourth of the wa 3 ’’ up toward the 10,000 level. A 
15 mm. reaction was plotted one-half the way between the two levels, while a 20 
mm. reaction was plotted three-fourths of the wa 3 '^ up. The abscissae on the 
graph represent the time in weeks before the death of the patient. 

! From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 

’ Furnished bj' Parke, Davis & Company, Detroit, Michigan. 
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SENSITmTT CURVES 

The data for a representative case ■ndll be given in detail along ■nith essential 
facts from the patient’s history. 

Case 7: W. M. W., colored female, age 35, admitted to Wm. H. j\Laybury Sanatorium 
November 13, 1942 complaining of pain in the left chest. For about a year the patient 
had had some pain on the left side and for the past she months had liad occasional bouts 
of fever. Loss of weight during the j'ear amounted to 15 lbs. The admission X-ray 
film showed a minimal tuberculous process in the infracla\acular region on both sides. 
The sputum was negative for tubercle bacilli on repeated e.\aminations, including one 
culture. For one year after admission the patient’s temperature remained practically 
normal though repeated X-ray e.xaminations of the chest sliowed a persistent slight in- 
crease in density of the pulmonar}' lesions bilaterallj' and, on October 18. 1943, showed a 
small cavity on the right. Pneumothorax was attempted but was unsuccessful. The 
patient’s sputum became positive for tubercle bacilli. She complained repeatedly of 
abdominal pain.- A gastrointestinal series showed no evidence of tuberculous enteritis, 
but pelvic and rectal examinations revealed generalized tenderness on all walls of the 
pelvis. Early in December, 1943 the patient’s temperature rose abruptty to a maximum 
of 105.6°F. A Mantoux test revealed a 5 mm. reaction to 1 : 10,000 OT. From this time 
on the patient’s course was slowly dowmliill. A roentgenogram made March 15, 1944 
showed an increase in disease in the upper third of the right lung and throughout the 
entire left lung. There were bilateral ca\'ities, that on the left extending from the apex 
almost to the base of the lung. The patient died Mn 3 ' 1, 1944. Permission for autopsj’ 
was not granted. From the course of her disease, as well as signs and symptoms, the 
clinical diagnosis included tuberculous salpingitis along with extensive pulmonarj- 
tuberculosis. 

Table 1 gives the data for the various sensitivity readings on the above patient, 
while in chart 1 mil be found curve no. 7 which was constructed from these data. 
The drop in sensitivity during the last three weeks of the patient’s life is pro* 
nounced. 

As alread}’- noted, sensithdt}'^ curves have been constructed for all 54 patients 
included in the present series. Ten of these cuiwes, illustrating the extremes in 
sensitivity which were encountered, are reproduced in chart 1. For case 1 it 
will be seen that onty a single reference point is given. Tliis means that the pa- 
tient died too soon after admission for more than one skin test to be performed. 
Dotted lines have been employed for the curv’^es when the time intenml between 
reference points is several months. Thus in case 9 there is no intervening ref- 
erence point between the admission test of November 4, 1943, when the patient 
showed a 12 mm. reaction to 1 : 10,000 OT, and the skm-test series just before the 
patient’s death, at which time she failed to react to 1:10 OT. While the avail- 
able data are insufficient for the construction of an accurate curve in this case, 
one may accept curves 6, 7 and S as more or less typical of the terminal changes in 
sensitivity in those patients who become almost completely anergic before death. 
The steep downward slant occurred in every case of this sort when sufficient 
data were available for plotting the curve. 
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TABLE 1 

Scnsilivihj readings m case 7 


DATE 

Dax:T10^^ OF TOBEBCULIN DSED 

SIZE OP REACTION 

12-17-43 

1:10,000 

5 mm. 

1-24-44 

1:1,000 

15 mm. 

3- 5-44 

1:1,000 

15 mm. 

4- 5-44 

1:1,000 

10 mm. 

4-17-44 

1:100 

5 mm. 

4-27-14 

1:10 

5 mm. 



Chart 1. Sensitivity curves 


SENSITIVITY LEVEL OF PATIENTS SHORTLY BEFORE DEATH 

During the period January 14 to June 14, 1944, 92 Sanatorium patients died. 
In the 54 cases included in the present series definitive sensitivity readings were 
obtained within ten daj^s of the death of the patient. The distribution of the 54 
patients according to sensitivity shortly before death is shown in table 2. In- 
cluded in the table is the cause of death of the patient, special attention being 
given to factors other than pulmonary tuberculosis. 

From table 2 it will be noted that more than one-fourth of the patients were in 
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the lowest sensitivity group, while only 5 of the 54 reacted to 1:10,000 OT 
shortly before death. The table indicates further that, in the present series, 
death occurred in the highly allergic patient under only two conditions: if the 
patient had a fatal hemorrhage, or if he was afflicted with silico-tuberculosis. 

The reason for the association between fatal hemorrhage and a high level of 
sensitivity is evident when one considers that only in hypersensitive tissues 
does the tubercle bacillus and its products cause tissue destruction (3). In the 
disease silico-tuberculosis, on the other hand, the factor of silicotic fibrosis is 
superimposed upon the change induced by the tubercle bacillus alone. Un- 
doubtedly the additional strain w'hich such fibrosis places upon the cardio- 
respiratory system is an important factor in bringing about the death of these 
patients while their sensitivity is still at a high level. 

The r61e of clironic nephritis as a cause of death in the present series of pa- 
tients' deserves more extensive study. Some of the nephritic patients had little 


TABLE 2 

Allergic condition of patients and cause of death 


SENSlXmTV CB^OtTPS 

CAUSE OP DEATH 

Sensitivity level 

Number o{ 
cases 

Per cent 

Pulmonary ! 
hemorrhage* 

Silico- 

tuberculosis 

Nepliritis 

Pulmonary 

tuberculosis 

10,000 or above 

0 , 

9.2 

3 

2 i 



1,000 to 10,000 

16 

29.6 

2 

3 

6 

5 

100 to 1,000 

16 

29.6 


1 


15 

10 to 100 

3 

5.6 




3 

Below 10 

14 

26.0 

i 

1 

i 

14 

Total 

54 

100 

i 



1 

1 

1 


* It should be understood that all of the patients who died following pulmonary hemor- 
rhage also had pulmonary tuberculosis. 


or no active pulmonary tuberculosis. It is hoped that this aspect of the problem 
can be studied more carefully when a larger group of cases has been accumulated. 

The patients in the lowest sensitivity groups wall be found listed with pul- 
monary tuberculosis as the cause of death. However, most of these patients 
also showed disseminated tuberculosis, with miliary tubercles in liver and spleen. 

niscussioN 

While a conriderable proportion of tuberculous patients become almost 
completely anergic during the final weeks of illness, it is e^^dent from the senri- 
tivity curves that the human organism clings with great tenacity to this funda- 
mental response to infection — allergy. In fact it is only after the patient has 
begun to refuse food and is obviously in a terminal condition that he will fail to 
react to the 1:10 dilution of tuberculin. Compared to the volatile temperature 
curve, with its hourly changes, major changes in sensitivity are slow and glacier- 
like. This is particularly true when the patient’s sensitmty is still high, several 
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months being required, usually, for his sensitivity to fall from the 10,000 to the 
1,000 level. Once the 1,000 level has been reached, however, the complete fall 
in sensiti\’ity to the 0 level may occur in a matter of three weeks. 

From the data given in table 2 it is evident that the anergic tuberculous patient 
no longer needs to fear death from fatal hemorrhage. However, he is exposed to 
the equall}'^ great hazai-d of death from the uninhibited proliferation of tubercle 
bacilli in his tissues. Studies on experimental animals (4, 5) as well as on human 
material (6) indicate that after the complete loss of sensitivity the animal or- 
ganism loses any capacity which it may have had for inhibiting the growth of 
tubercle bacilli in its tissues. 

Well over 70 per cent of patients, when first admitted to Maybury Sanatorium, 
are highlj’^ allergic, as indicated by a positive reaction to the 1 : 10,000 dilution 
of tuberculin. On the other hand, it is evident from table 2 that less than '10 
per cent of the patients are at this level of sensitmty when death occurs. Thus 
it is apparent that, in the great majority of cases, a marked deterioration in sensi- 
tivity occurs during the terminal phases of the patient’s iUness. One might 
assume from these facts that 6 decrease in sensitivity in a tuberculous patient 
would be of serious prognostic import. Actually some workers in the field of 
allergy in tuberculosis have failed to find any relationship between tuberculin 
sensitivity and prognosis (7, 8). However, the foregoing workers dealt with 
only minor changes in sensitivity, such as differences in size of reaction to the 
same amount of tuberculin. With regard to major changes, such as the fall 
from the 1,000 to the 100 level of sensitivity, there is much in the literature to 
indicate a serious prognostic import (9, 10, 11). Our own experience completely 
corroborates this latter point of view. 

SUMMARY 

The allergic condition of the tuberculous patient frequently deteriorates 
rapidly during the last few weeks of life. Death in those patients in whom loss 
of sensitivity is most complete is due to wide-spread pulmonary tuberculosis, 
and frequently includes miliary tuberculosis of other organs. In the few patients 
who retain a high level of allergy, death is usually due either to fatal hemorrhage 
or to silico-tuberculosis. 

A poor prognosis must be given for any patient with active tuberculosis who 
experiences a marked fall in sensitivity to tuberculin. 

SUMARIO 

El estado al6rgico del tuberculoso frecuentemente deteriora con rapidez en las 
dltimas semanas de la vida. En esos casos, en los que la p6rdida de sensibilidad 
es mds completa, la muerte se debe a tuberculosis pulmonar difusa y frecuente- 
mente comprende granulia en otros drganos. En los pocos enfermos que retie- 
nen una alergia elevada, la muerte suele deberse bien a una hemorragia letal o a 
silicotuberculosis. 

En todo enfermo con tuberculosis activa que manifieste una decidida baja 
de la sensibilidad a la tuberculina, debe hacerse un prondstico desfavOrable. 
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SULFONES m EXPERIMENTAL TUBERCULOSIS i 
Chemical Constitution and Chemotherapeutic Action 
M. I. SMITH, E. L. JACKSON and Wm. T. McCLOSKY 

Since the early reports by Rist et al. in 1940 (1) of the protective action of 
4-4'-diaminodiphen3’'lsulfone in avian tuberculosis in rabbits, systematic investi- 
gations have been carried out in this and other laboratories (2, 3, 4, 5) in an effort 
to develop sulfone derivatives of lower toxicity and greater efficacy than the 
parent substance. The achievements attained so far have been reviewed in a 
recent publication (6). The present report concerns further attempts in this 
direction, and though the results are almost entirety negative it seems worth 
while reporting them since the}’’ are instructive from the standpoint of chemical 
structure and chemotherapeutic action. 

EXPERIMENTAL 

Four compounds were studied 'in this investigation to determine their chemo- 
therapeutic effectiveness in experimental tuberculosis in guinea pigs. The first 
two were supplied by Parke, Da-\ds and Co. and the last two were synthesized in 
this laboratory.^ The animal groups, compounds used and dosages administered 
were as follows: 

(1) 4,4'-diamino-2-sulfamjddipheny3ulfone. There were 20 guinea pigs in 
tliis group. The drug was administered orally, as a 10 per cent suspension in 5 
per cent gum acacia, in doses of 0.5 g. per kg. once daUy. 

(2) Phenyl-n-propyl sulfone. Twenty guinea pigs in this group were given 
daily 0.5 g. per kg. for a few days, then the dose was reduced to 0.25 g. per kg. on 
account of drug toxicity. The drug was given orally as a 10 per cent or 5 per 
cent suspension in 5 per cent gum acacia. 

(S) 4-ammo-4'-h3’'droxylaminodiphenysulfone. Ten guinea pigs were used 
for this experiment and dosage began at 0.25 g. per kg., continued for a few days, 
then reduced to 0.125 g. per kg. Dosage used was up to the limits of tolerance. 
The drug was administered orally as a 2.5 or 5 per cent suspension in 2 to 5 per 
cent gum acacia. 

(4) N-(p-aminobenzenesulfonylphenyl)-/3-alanine. Ten guinea pigs were 
used in this test. The drug was administered orally as an aqeous solution of the 
sodium salt, the dose being 0.5 g. per kg. per da 3 L 

In addition there were two other groups as follows: 

(5) Tvnnty guinea pigs receiving daily 0.5 g. per kg. promin (sodium p,p'- 
diaminodiphen 3 dsulfone N,N '-didextrose sulfonate) administered oralb' as a 
10 per cent aqueous solution. This group was to serve as a reference standard. 

(6) Twenty guinea pigs, untreated controls. 

The last two groups were also used concuiTcntly in another experiment to 

^ From the Division of Physiology, National Institute of Health, Bethesda, Maryland. 

- The synthesis of these compounds will be described elsewhere. 
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determine the ejBficacy of streptomycin and promin, individually or in combina- 
tion, the results of "which were published recently (7). 

All the guinea pigs were of as uniform weight as possible, range 240 to 270 g. 
They were all inoculated intraperitoneally "with 1 mg. tubercle bacilli human 
strain (A27-Henry Phipps Institute), and treatment was begun the day after 
inoculation and continued for a period of ninety days, except the animals in group 
4 which received the treatment for only thirty days because of the limited supply 
of the drug. The animals were weighed once a week. Blood levels were de- 
termined at the termination of treatment. At death they were autopsied and the 
extent of tuberculous involvement noted and recorded according to procedures 
previously described (3, 4, 6). The same operator made all the autopsies and 
ratings without knowledge of the group to which the animals belonged. At 105 
to 110 days after infection all the survivors were killed "with chloroform and 
necropsies and ratings performed as above. 

EEsmws 

Toxicity: The compounds used in groups 2 and 3 were the most toxic. Ho’w- 
ever, at the dosage level used it is not believed that many animals were lost 
because of drug toxicity. The compounds used in groups 1 and 4 were well 

TABLE 1 

Blood levels, mg. per cent. Average of S ioS animals 


cotrss 

COKPOTOO 1 

COUTOtJKU 3 

COHrOUCT < 

rxoiOH 

3 


4.8 

1.1 

12.0 

5 

1.1 

3.2 

0.7 

12.8 

24 

0.7 

0.3 

1.8 

0.5 

Dose/day 

0.5 g. per kg. 

0.125 g. per kg. 

0.5 g. per kg. 

, 0.5 g. per kg. 


TABLE 2 

Summary of the Iherapeuiic efficacy of ihc several compounds. Experiment terminated at 110 

days 



COKTROLS 

COMPOTTN© 

1 

COlfTOUND 

2 

COUPOXWD 

3 

coupotrtro 

4 

pxoinn 

Mortality per cent at 110 days 

65 

70 

85 

50 

40 

15 

Average weight gain in grams . . 

99 

59 

12 

119 

131 

183 

Average spleen weight, grams. 

5.0 

3.5 

3.4 

3.6 

3.9 

2.0 

Tuberculosis index , 







a) Range 

5-15 

3-18 

1-13 

2-10 

3-18 

1-11 

b) Average 

10.0 

10.1 

7.0 

7.2 

10.8 

4.1 


tolerated, and probably larger doses could have been given, but it is doubtful if 
the effects would have been any better. Hemoglobin determinations made at 
sixty days after infection and continuous treatment gave no e"vidence of deleter- 
ious effects, except for the animals in group 3 in which there was a slight to moder- 
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ate degree of anemia, the hemoglobin levels being reduced in most of the animals 
to from 10 to 12 g. per 100 cc. 

Blood levels determined at the termination of treatment in groups 1, 3 and 4 
showed poor absorption for compounds used in groups 1 and 4, fairly good 
absorption and retention for compound in group 3. No blood level determina- 
tions could be made for compound in group 2 since it has no diazotizable group; 
however its toxicitj' clearly indicated good absorption. Table 1 summarizes 
the results of blood level determinations for the several drugs. 

The data on chemotherapeutic cfficacj'- of the several compounds are sum- 
marized in table 2 and graph 1. The compounds used in groups 1 and 4 gave 
no appreciable degree of protection; the animals in groups 2 and 3 shoived a 
lower degree of involvement as compared with the controls, but the slight 
therapeutic efficacy of these compounds is largely nullified by their excessive 
toxicity. In any event, their therapeutic efficacy is far less than that of promin. 

COMMENT 

The lack of acti\dty in compound 2 appears to indicate that activity is associ- 
ated with amino groups, either free or potentially available as in promin. The 
inactivity of compound 1 is most interesting, for it differs from 4,4'-diamino- 
diphenylsulfone only by the sulfamyl group in the benzene nucleus. The parent 
sulfone though more toxic is certainly at least as effective as promin (2). The 
lack of actmty in compound 4 is consistent with negative results pre\dously 
obtained with the lower horaologue, N-(p-aminobenzenesulfonylphenyl) glycine 
(6), and may be due to low absorbability. The possibility of chemotherapeutic 
activity in higher homologues is not excluded. Since the compound, 4-amino- 
4'-n-propyl-aminodiphenylsulfone, is active even though poorlj' absorbed (6, 8), it 
would appear that the substitution of a carboxyl group, as in compound 4, for 
the terminal methyl group decreases activity. 

SUMMARY 

Four new sulfones were tested for chemotherapeutic activity in experimental 
tuberculosis in comparison with promin. None of these compounds showed a 
degree of activity even approaching that of promin. The results indicate that 
carboxyalkyl or hydroxy substituents in the amino group reduce activity, that a 
sulfamyl substituent in the benzene nucleus of diaminodiphenylsulfone reduces 
absorbability, toxicity and activity, and that at least one free or potentially 
available amino group in the benzene nucleus of diaminodiphenjdsulfone is 
essential for acthdty. 


SUMARIO 

Ensay6se en la tuberculosis experimental la actividad quimioterap^utica de 
cuatro nuevas sulfonas en comparacidn con la promina, sin que ninguno de dichos 
compuestos mostrara actividad siquiera aproximada a la de esta dltima. Los 
resultados indican que los sustitutos del carboxialquilo o del Mdroxilo, en el 
gmpo amlnico, reducen la actividad; que un sustituto sulfamflico en el micleo 
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bcnc6nico clc la diaminodifcuilsulfona i-educe la absorbibilidad, toxicidad y 
actividad, y q\ic para la actividad es cscncial que haya por lo menos un grupo 
anilnico librc o potcncialmcntc accesible cn cl nucleo bencenico de la diamino- 
difenilsulfona. 
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CHEMOTHERAPEUTIC OBSERVATIONS ON TUBERCLE BACILLI i 

Experiments in vitro and in viw 

CHARLES J: DUCA and M: jMAXIM STEINBACH 
IN "VITRO EXPERIMENTS 

During th.e past year and a half, 18 chemical compounds "n'ere tested for 
activity in vitro against the tubercle bacillus. These compounds are listed 
in table 1. Half of them, nos. 1 to 9, were substitution products of diphenyl- 
sulfone, that is, (1) Na p,p'-dianiinodiphen 5 d-N,N^ (dextrose sulfonate); 
(S) Na4,4*-diaminodiphenylsulfone-2-sulfonacetamide; (S) 4-amino-4*'dodeca- 
noylamino-diphenj’^lsulfone; (4) Na-4-amino-4'-succinylaminodiphenylsuIfone; 
(S) disodium disuccinylaminodiphenylsulfone; (6) 4,4^-diammodiphenylsul- 
fone; (7) 4(2,5-dimethyl-N-pyrrolyi)-4*-succinaminodiphenylsulfone; (8) 4,4*- 
diamin'odiphenjdsulf oxide; and (d) diphen 3 dsulfone 4,4*-bisazosaIicylic acid. 
Five, nos. 10 to 14, "were sulfonamide compounds, that is, (10) Ni-benzoyl- 
sulfanilamide; (11) Na sulfadiazine; (12) paraphenylenediamine sulfonamide; 
(IS) N*-dimethylacroyl suKanilamide; and (14) N*-3,4-dimethjdbenzoyl sul- 
fanilamide.® The remaining 4, nos. 15 to 18, were various chemical compounds, 
as foUo-ft's: (IS) 4-aminophenyl-2*-ainino-5*-pjTidylsutfone; (IS) Niglucoside of 
Na p-aminophenyl-stilbonate; (17) sulfanil 5 dcyanamide; and (18) 2-S,4-0, 
pyrimidine. 

The above named chemicals "were tested together in one experiment, each sub- 
stance being added, in several concentrations, to Sauton’s medium. As a rule, 
each drug concentration was tested in three flasks. SLx flasks "without chemical 
■were used as controls. Drug and control fla^s "were then inoculated -with two 
loopfuls of a thirty-day-old culture of H37 RV (human tubercle bacillus, rough 
■virulent) . All flasks were incubated at 37.5°C. for at least three weeks, but some 
flasks were incubated longer (as indicated in table 1). If no inhibition of growth 
was observed within three weeks, the particular substance was discontinued. 
When inhibition of growth was noted in the earlier stages, incubation was con- 
tinued for a greater length of time. This procedure was followed because tem- 
porary bacteriostatic effects, in at least one instance, had previously been ob- 
served, that is, promin (1) inhibited the growth of tubercle bacilli for about one 
month, following which gro^wdh started. 

The results of the experiments are listed in table 1. Of the diphenylsulfone 
substitution products, diphenjdsulfone 4,4*-bisazosalicylic acid (no. 9) showed 
in vitro acti'vitj’’ comparable to or slightly better than that of promin. Other 
substances of this series which showed marked in vitro actmty were promin 
(no. 1), the suKoxide derivative (no. 8), and two of the succinyl derivatives 

1 From the Department of Bacteriology, College of Physicians and Surgeons, Columbia 
University, New York, New York. 

* Formerly known as Irgafen. Hereafter referred to as no. 14. 
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(no. 4 and no. 7). Weak bacteriostatic activity was obtained with the antimony 
compound (no. 16) and the sulfonamide (no. 13). The last two substances 


TABLE 1 

Effects of various chemical compounds against tubercle bacilli in vitro 



CO^OUND 

CONCXKTRATIOKS TESTED 

1 

OBSER- 

VATION 

PERIOD 

CONCENTRATION 

EFFECTIVE 

1 

Na p.p'-diaminodiphenj'l- 

fBf . per eenl 

5, 10, 15, 20, 30, 40 

6 wks. 

Moderate, 20 mg. 

2 

N,N* (dextrose sulfonate) 
Nai,4^-diaminodiphenylBul- 

10, 20, 40 

1 mo. 

None 

3 

fone-2-sulfonacetamide 
4-amino -4* -dode eanoyl - 

10, 20, 40 

1 mo. 

None 

4 

amino-diphenylsulfone 

I Na-4-amino-4*-succinyl- 

10, 20, 40 

1 mo. 

Slight, 40 mg. 

5 

aminodiphenylsulfone 
Disodium disuccinylamino- 

10, 20, 40 

1 mo. 

None 

6 

diphenjdsulfone 

4,4'-diaminodiphenylsulfone 

5, 10, 15, 20, 30, 40 

1 mo. 

Slight, 40 mg. 

7 

4 (2 , 5-dimethyl-N -py rrolyl) - 

10, 20, 40 

1 mo. 

Slight, 40 mg. 

8 

4*-succinaminodiphenyl- 

sulfone 

4,4'-diaminodiphenylsul- 

^ 10, 20, 40 

i 

; 1 mo. 

Moderate, 20 mg. 

9 

foxide 

Diphenylsulfone 4,4‘-bisazo- 

10, 20, 40 

1 mo. 

Complete, 20 mg. 

1 

10 

salicylic acid 
Ni-benzoylsulfanilamide 

5, 15, 25 

3 wks. 

None 

11 i 

Na sulfadiazine 

5, 15, 25 

3 wks. 

None 

12 

Paraphenylenediamine sul- 

5, 15, 25 

3 wks. 

None 

13 

fonamide 

N'-dimethylacroyl sulfanil- 

10, 20, 40 

1 mo. 

Slight, 40 mg. 

14 

amide 

N*-3,4-dimethylbenzoyl sul- 

2, 5, 10, 15, 20, 30, 40 

1 mo. 

Complete, 20 mg. 

15 

fanilamide 

4-aminophenyl-2‘-amino-5*- 

10, 20, 40 

1 mo. 

None 

16 

pyridylsulfone 

Niglucoside of Na p-amino- 

10, 20, 40 

1 mo. 

Slight, 40 mg. 

17 

phenyl-stilbonate 

Sulfanilylcyanamide 

5, 15, 25 1 

3 wks. 

None 

18 

2-S, 4-0, pyrimidine 

1, 2, 4, 5, 10, 15, 20, 30, 40 

3 mo. 

Complete, 20 mg. 


Compounds numbered 1, 2, 3, 4, 5, 6, 7, 8 and 15, courtesy of Parke, Davis & Co. 
Compounds numbered 9 and 16, courtesy of Burroughs Wellcome and Co. 

Compounds numbered 10, 11, 12 and 17, courtesy of Dr. Charles L. Fox, Jr., Department 
of Bacteriology, College of Physicians and Surgeons, Columbia University. 

Compounds numbered 13 and 14, courtesy of Geigy Co. 

Compounds numbered 18, courtesy of Dr. Albert Kesten, Department of Biochemis- 
try, College of Physicians and Surgeons, Columbia University. 

examined, no. 14, a sulfonamide derivative, and no. 18, thiouracil, both showed 
activity in vitro equal to that of the best of the diphenylsuhones (no. 9). 
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Of the 18 chemicals tested in viiro for effect against the growth of the tubercle 
bacillus, 8 substances (nos. 2, 3, 5, 10, 11, 12, 15 and 17) were found which had 
absolutely no inhibitoiy effect; 5 (nos. 4, 6, 7, 13 and 16) demonstrated a slight 
inhibiting eflfect in concentration of 40 mg. per cent; 2 (nos. 1 and 8) displaj'ed a 
moderate effect at 20 mg. per cent; and 3 (nos. 9, 14 and 18) completeh’ inhibited 
gro-wth at 20 mg. per cent. It was therefore decided to test in vivo 2 com- 
pounds which had shown the best bacteriostatic action, and in addition to use 
diasone (no. 6) which, while it gave poor results in vitro, has been reported as 
effective m vivo (2). No. 9 could not be tested in vivo because a sufficient quan- 
tity was not obtainable at the time of tlie experiment. 

IN VIVO EXPERI.WENTS 

Forty-eight adult guinea pigs, negative to 1 mg. OT, were infected subcu- 
taneously in the groin with pathogenic bo\dne tubercle bacilli (Bl), the dose 
being 0.1 mg. per 500 g. body weight. l^Tien tested a week after infection, all 
guinea pigs reacted to 1 mg. OT intracutaneousN. The animals were diidded 
into four groups of 12 each. Group I — thiouracil; group II — diasone; group 
III — no. 14; group IV — controls. Administration of these chemicals was started 
two weeks after infection b 5 '’ mixing the respective substances with the food, 
consisting of guinea pig pellets and oats, supplemented by dailj’^ feedings of fresh 
greens. Diasone and no. 14 were added in 2 per cent concentration, thiouracil in 
1 per cent. Four w’eeks later all substances were used in 1 per cent concentration. 
Measurement of the dail 3 ’’ food intake showed that the guinea pigs ingested 
about 250 mg. per daj’' of the chemical present at a 1 per cent concentration. 

A month after the beginning of treatment, two samples of blood, a week apart, 
were obtained from guinea pigs which had received diasone or no. 14. The sam- 
ples were taken in the morning before feedings. Twenty determinations fiSIar- 
shall method) in each group of animals gave an average concentration of diasone 
of 5.0 mg./lOO cc. blood (3.8 to 6.2 mg.), and of no. 14 of 6.4 mg. (4.8 to 8.5 mg.). 
No method for determining thiouracil concentrations in blood is known to us. 
For the first three months all animals were weighed once a week. Guinea pigs 
which died were autopsied, the sundving animals were killed 210 daj's after 
infection when the experiment was terminated. The extent of tuberculous 
infection was determined bj’’ gross inspection, with 4-f indicating maximum 
involvement of any organ. Sections of lung, liver, spleen and Ijunph nodes were 
stained with hemotoxylin-eosin and with Ziehl-Neelsen stain and examined for 
type of cellular response and number of tubercle bacilli present. Weight 
changes in the groups are given in table 2, the extent of involvement in table 3. 
Survival time of the different groups is shown in chart 1. 

It will be seen from table 2 that the thiouracil group had gained less weight 
than anj’^ of the others, probabty because of some toxic effect of the drug on the 
guinea pigs. The diasone and no. 14 groups showed gain in weight about mid- 
waj’’ between the thiouracil and control groups, indicating less toric effects of 
these chemicals under the conditions of this expeiiment. 

Table 3 shows that the extent of tuberculosis in all three treated groups was 
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somewhat less than that seen in the control group. In addition, the type of 
disease seen in the microscopic sections was approximately the same in the three 
treated groups. It consisted of hard compact tubercles composed of epitheUoid 
cells and fibrotic tissue and a moderate amount of caseation and necrosis. Acid- 
fast bacilli, while easy to find, were not numerous. In other words, in the 



DAYS APTER INFECTION 
Chart 1 


TABLE 2 


Weight changes 


4 

GROUP 

1 AVTEAGE WEICnr AT 
INTECriON 

AVERAGE WEIGHT 90 
HAYS LATER 

GAIN IN ■WEIGHT 





Thiouracil 

341 

417 

76 

Diasone 

341 

477 

136 

No. 14 

332 

459 

127 

Controls 

339 

516 

177 


TABLE 3 


Extent of tuberculosis 


GROUP 

LUNGS 

LIVER 

SPLEEN 

lWfb nodes 

SUUUARY 

Thiouracil 

2.1-1- 

1.7+ 

2.2+ 

2.1+ 

2.1+ 

Diasone 

1.3-1- 

2.1+ 

2.6+ 

2.4+ 

2.4+ 

No. 14 

2.2+ 

2.8+ 

2.9+ 

2.9+ 

2.8+ 

Controls 

2.6+ 

3.0+ 

3.1+ 

3.1+ 

3.1+ 


treated' animals the disease appeared to be predominantly fibrotic, vdth a mod- 
erate amount of caseation, and the tubercles were pretty well walled off. How- 
ever, in the fourth, or control group, the lesions were softer, vdth less fibrosis, 
large numbers of mononuclear cells, a great deal of necrosis and caseation, and 
vith little or no attempt at walling off. "Vifiien the bacilli were counted in three 
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sections of each organ, organisms were found much more frequently in the con- 
trols than in the treated animals. 

It is interesting to compare survival time and extent of disease in the different 
groups. Diasone significantly prolonged the life of the guinea pigs; indeed, not 
one of the animals in this group can be said to have died of tuberculosis. The 
4 animals which died before the end of the experiment showed only l-f, 2+, 
2-f- and 2+ tuberculosis at autopsy. Eight animals sundved until the end, but 
upon autopsy 6 of these showed quite extensive disease. This was of a fibrotic 
type, mth little proliferation of bacilli. These animals showed a fairly normal 
rate of growth. It is quite evident that diasone, in the levels found here, in- 
hibits the growth of tubercle bacilli (Bl) in vivo; but it does not enable the guinea 
pig to elinunate the organisms. The other two groups did not differ signifi- 
cantly, in sundval time, from the controls. Of these three groups, 4 of the no. 14 
guinea pigs, 5 of the thiouracil and 7 of the controls died with enough tubercu- 
losis to be the cause of death. But the controls showed a type of disease different 
from that in the other three groups. It was more exudative and the bacilli 
apparently grew well, which was not the case with the treated groups. Evi- 
dently thiouracil and no. 14, in the levels attained under the described conditions, 
inhibited the growth of the tubercle bacillus; but not sufiiciently to prolong the 
life of the animal. It is possible that diasone kept the bacilli at a low enough 
metabohc level so that toxemia was reduced, although some of the diasone guinea • 
pigs had extensive tuberculosis. The other 2 chemicals, while inhibiting the 
growth of the tubercle bacillus, did not appreciably prolong the life of the 
animals. 


CONCLUSION 

While the compounds no. 14 (N*-3,4-dimethylbenzoyl sulfanilamide) and 
no. 18 (2-S, 4-0, pyrimidine) gave complete inhibition of growth at 20 mg. 
per cent in vitro, they retarded only slightly the progress of tuberculous infection 
in guinea pigs, as compared mth corresponding untreated controls. Animals 
treated with diasone, wliile sho-sving as much tuberculosis as those treated with 
thiouracil and no. 14, survived longer and mamtained a better nutritive condition. 

CONCLUSIONES 

Aunque los compuestos No. 14 (N*-3,4-dimetilbenzoil-sulfanilamida) y el No. 
18 (2-S, 4-0, pirimidina) obtuvieron inhibicidn complete del desarroUo a 20 mg 
por ciento in vitro, s61o retardaron hgeramente la evolucidn de la infeccidn tuber- 
culosa en los cobayos, comparados con los correspondientes testigos no tratados. 
Aunque revelaban tanta tuberculosis como los animales tratados con tiouracUo 
y el no. 14, los tratados con diasona sobrevivieron mds tiempo y mantuvieron 
im estado nutritivo mejor. 
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PLEURAL TRANSUDATES^ 

Unusual Roentgenological Configuration Associated with Congestive Failure 
AARON E. PARSONNET, EMANUEL KLOSK and ARTHUR BERNSTEIN 

Pleural transudates complicating heart failure are very common. Morgagni, 
Corvisart and Laennec, all recognized and associated pleural effusion vith the 
failing heart (1). Hydrothoraces occup 3 Tng either chest present certain well- 
defined contours making their diagnosis possible through physical and X-ray 
means (2, 3). Radiographicallj’’, these appear as dense shadows whose first 
delineation is in the costophrenic sinus which is then obliterated. Further 
accumulations of fluid cause this shadow to spread both medially and laterally 
along the course of the diaphragm, thus obscuring it and causing the base of the 
lung to lose its topographical detail. The upper border of this shadow takes on a 
curved appearance the concavity of which is directed upwards with the lateral 
extension being higher than the medial one. Lateral exposures show it to extend 
higher posteriorely than anteriorly. This is the usual configuration seen in the 
roentgenograms in the conventional position and on physical examination the 
corresponding Ellis line can be made out, since the fluid rises liigher posterolater- 
ally than anteromediallj' (4). It has been pointed out by several authors, but 
especially by Rigler, that this fluid level would shift with changes of position and 
by now it is common knowledge that the assumption of a supine i^osition will 
spread the fluid over the whole posterior chest in the form of a thin layer (5). 
Again, Rigler has popularized the lateral decubitus position in which a postero- 
anterior exposure will show a fluid level in the inferior costal gutter. Tins shift- 
ing fluid level in the thorax is most common with transudates and early in- 
flammatorj’’ exudates. However, transudates of long standing or exudates of 
thick pus, or containing large quantities of fibrin, may show no change with the 
assumption of various positions (2,5). 

The cause of this configuration of liquid levels in the chest has been ascribed to 
the following four factors: (!) the effect of gravity; ( 2 ) the elastic recoil and 
retractility of the lung; (S) cohesion and capillarity; (4) surface tension of the 
fluid. The effect of gravity is such that the fluid, the density of which is greater 
than that of the normal lung tissue, collects in the most dependent portion of the 
pleural cavity. This force of gravity is opposed by the remaining three forces, 
the combmed resultant of which determines the contour of levels of Uquid in the 
chest. The force of retraction depends upon the elastic recoil of the lung 
parenchyma which is greatest at the lung periphery, especially at the costophrenic 
angle. Thus the tendencj’’ of the fluid to gather in the costophrenic sinus and 
rise along the lung periphery is due to the greater retractile power of the lung 
along this surface. Moreover, the portion of the lung uncollapsed by the col- 
lected fluid approximates the chest wall more closely so that the third force, that 

1 From the Cardiac Clinic and Medical Service of Dr. A. E. Parsonnet, Newark Beth 
Israel Hospital, Newark, New Jersey. 
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is, that of cohesion and capillarity, comes into play, causing a further rise in the 
fluid level posterolaterally (6). This force of capillarity not only permits the 
fluid to rise against gravity, but also allows seepage into the interlobar fissures 
(7). The anteromedial collections of some fluids, wliich vill be mentioned below, 
are also due to the action of cohesion. 

Retractilit 3 " and cohesion are both altered bj’’ the state of the underlying lung 
parenchyma and pleural surfaces (6). Chronic passive congestion, pulmonarj'^ 
edema or consolidation alter the elasticity of the lung structure and hence re- 
tractility. Pleural adhesions and pleural thickening affect capillarity adversety. 
Under such circumstances the fluid is more likely to obe}* the forces of gravity and 
assume the concave lower border of the inferior surface of the lung and the con- 
vex upper border of the superior surface of the diaphragm. The fourth and final 
factor incriminated in the mechanism and disposition of pleural fluids is the 
surface tension of the fluid itself. Fluids of low surface tension vdll follow the 
laws of gravity more readily than those of higher surface tension. 

Not uncommonly, variations of liquid levels may be seen roentgenologically. 
Four consistent changes in the roentgenological appearance of chest fluid have 
been described bj' Rigler, aU representing variations in degree of concavity of the 
Ellis line: (7) Straightening of the upper border, simulating a hj'dropneumotho- 
rax, even though no gas is present in the pleural cavity. {2) A somewhat convex 
upper border resembling a high diaphragm. (A case of this type has also been 
described by Yater and Rodis (8) and Miller (9); we are herein reporting 3 
additional cases.) (S) Fluid accumulatingtowardthe mediastinal pleura with onl}'' 
a small amount at the periphery, this type may simulate a wide mediastinum 
or a dilated right auricle. {4) Fluid accumulating in the interlobar fissure, 
simulating encapsulation, although the fluid is entirety free. 

During the year 1941, we observed a patient with congestive heart failure who 
was misdiagnosed for several weeks, because the patient showed signs of sepsis 
And presented phj’sical signs and X-ray evndence of a high right diaphragm. The 
X-ray diagnosis was subphrenic abscess. The conventional upright position was 
used to make the films and no attempt was made to observe shifts in the pleural 
fluid with posture after the method of Eigler. However, introduction of a small 
amount of air intraperitonealty quickty demonstrated that the fluid was above the 
diaphragm and a thoracocentesis revealed a thin serous effusion. After estab- 
lisliing the pneumoperitoneum, the definite Ellis line of the usual roentgenological 
appearance of a hydrothorax became evident. Perhaps the elevation in the 
diaphragm was sufficient to bring the lung in closer proximity to the chest wall 
and allow’ed the force of capillarity to exert itself. The curved surface of the 
liquid, characteristic of simple pleural effusion then became apparent. More- 
over, the subsequent course of the patient as well as electrocardiogi-aphic studies 
revealed the true nature of the undertying cardiovascular disease. 

During the past two months, 2 similar patients were observed; thej’’, too, were 
cardiacs in chronic congestive failure. The roentgenological diagnosis in each 
case was an elevated diaphragm due to hepatic congestion. The enlarged 
cardiac silhouette and the pulmonary congestion in both made the roentgenolo- 
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ijisl .<uspt'(‘( lu’urf I'nilui'o. but lu oiioli iustnuco ibc basilar sluulow with ilsconvf'X 
uppiT bonlursimulabal a liiiih diapbrapn and Ijcpalic ('nlareoiucnt was rcporb'ii. 
llowt'vor. tlu> physical fimliniis si ruiiKly sJiKucsIcd lluid and a'-piratiou yielded a 
thill serous lluid with speeilie pnavily, total protein, eytolony and bacteriology 
consist cut with a diagnosis of a pleural transudate. 

.\ careful review of the literature yielded only o similar eases. Higler staled 
that he has seen (1 such ca«es and reported two (:?). Yater and llodis re- 
ported one (S). 'I'his was a ease of tidierculous sero«itis with ascites and a h'ft 
hydrothorax which simulated a high di.ajihragm. They noted fluoroscopically 
a lluid wave pass over the effusion with each beat of the heart and the fluid was 
observed to form a ti'm density in thesujiine pewitiou with the normal diaphragm 
becoming visible. Miller, in Goldbei-g’s ('li’uirn! 'rnhrrniJosi's, stiites: “On a few 
occasions one tinds typical .signs of an eti'usion in the thorax and on lluoroscopy 
one is .surprized to lind a perfectly nonnal contour to the diaphragm moderately 
elevated and exhibiting a more or le.ss normal excursion. The phy.sical .signs are 
not at fault, however, and are to be depended upon and. while the tindings are 
.similar whether the fluid is above or below the iliaphragm. one should not he.sitate 
to do a thoracocente-sis. In lhe.se conditions the lluid has accumtdaled between 
the lung and the diai)hragm pu.«hing tip the inferim- concave surface of the lung 
and .seemingly pre.serving the normal diaphragmatic contour.” 

The following 3 ca.ses .are reported for the nuiin re.ason that the .signilieaneo of 
the above-described shadows is not generally n'cognized or properly evaluated 
despite the.se early reports. Such atypic.al fluid aceumulatifuis .should be care- 
fully eon.sidered in the dilTerontial diagno.sis of subphrenic ab.sce.ss, hepatic en- 
largement and eventration of the right diaphragm, e.specially so if the cardiac 
.silhouette is enlarged, if the lungs .show evidences c)f congestion or if a contra- 
lateral effusion exists. Moreover, it may be a<lvisable at times to resort to a 
<ii.agno.stie inieumoperitoneum. In 2 of our causes it was po.ssible to delineate the 
diaphragm and thus make the fluid clearly visible. 'I’hat this fhiid is free is 
shown in case I , by it.s subseciuently a.ssuming the form of an ICllis line and by its 
see])agc into the interlobar fis.surc. Antojxsy examination in case 3 failed to .show 
any evidences of fluid encapsulation. 

c.\si: UKi’oirr.s 

Caf!c 1: (Figure.^ 1 to fl) .1. B., a GO ycjirold white, retired liusiue.s.s man, was admitted to 
the Xcwa.rk Beth Ismel Hospital on tiie service c)f Dr. A. E. Par.sonnct, March 10, 194], 
with tlic cliief comjdaints of cougli and dy.spnen. He liad been i)reviously treated at 
aiK)ther iio.sjntal for pneumonia. Ilis jiast hi.story was significant in that lie had been 
at tlie Newark Beth Israel Ho.spital two weeks before with congestive heart failure due to 
arteriosclerotic heart disea.se and a recent myocardial infarction. It was during this 
admis.«ion that the i)atient became ps 3 x-hotic and had to be transferred to a mental in- 
stitution where the diagnosis of jmeumonia had been made because of a high temijorature 
and physical findings in the right chast. 

Phy.sical examination reverded an acutely ill man, dysimeic, orthoi^neic and slightly 
cyanotic. Pertinent i)ositivc fiiiflings were as follows: Dulness i)osteriorly from the . 
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sciipuliW jinglG to tliG busG on tlio riijbt siclo witb tlistiiiit biontli sounds. On tbc loft, 
the percussion note was also impaired and numerous moist rales were audible. Breath 
sounds elsewhere were normal vesicular. The heart showed its PMI in the fifth inter- 
costal space outside the MCL. The sounds were of poor tonal quality and there was a 
short blowing apical sj'stolic murmur; A2 greater tlian P2; ESP ; PR ^^"R 100. Blood 
pressure was 118/80. The liver was definitely enlarged and palpable two fingers’ breadth 
below the costal margin. Slight pitting edema of the aiikles was present. Temperature 
was 101. 2°F, 

X-ray examination on admission was reported as follows: “There is a resohdng exuda- 
tive infiltration of the right base with a pleural effusion of both bases.” An electro- 
cardiogram showed a sinus tachycardia with e\ddences of myocardial damage as seen in 
coronary sclerosis. The blood count suggested infection with a shift to the left. Blood 
serology was negative. Blood urea and blood sugar were within normal limits. Sputum 
showed gram-positive cocci and gram-negative rods. 

The i)atient ran a stormy course with a low grade fever punctuated by sudden sharp 
rises. On Ajiril 4, 1941, an empyema was suspected because of the physical signs and 
his hyperpyrexia. Roentgenological examination on this day was reported as “excessive 
elevation of the right diaphragm from probable heiJatic enlargement.” In order to 
determine whether the eler'ated diaphragm was really due to liver enlargement, subphrenic 
abscess or pleural effusion, 775 cc. of air were instilled into the peritoneum on April 8; 
this showed that the fluid was above the diaphragm. A thoracocentesis jdelded 500 cc. 
of clear serous fluid, sterile bacteriologicaily and with a total protein content of 1.75 per 
cent. Smear showed a few red cells and lymphocytes. On April 11, under fluoroscopic 
control, 900 cc. of fluid were withdrawn with essentially the same characteristics. Under 
a regimen of digitalis and mercurial diuretics the patient improved and was discharged 
from the hosintal. The pleural effusion persisted, however, and the patient required 
frequent treiitment with diuretics to control it. Periodic X-ray films showed the right 
jfleural effusion until his demise in 1945. However, the normal X-ray configuration of a 
simple pleural effusion was seen subsequently with seepage into the horizontal interlobar 
fissure, as X-ray films in 1943 revealed. 

Case 2: (Figures 7 to 10) W. S., a 54 year old white male laborer, was admitted to the 
Newark Beth Israel Hospital on March 25, 1945, because of mental confusion, semistupor 

Fig.1. (upper left). Fig. 2. (upper right) and Fig. 3. (centre left). C.ase 1. Roentgeno- 
grams taken on admission showing enlarged cardiac silhouette, especially the left ventricle, 
the marked increase in the vascular markings in both lung fields and an area of radiopacitv 
in the region of the right diaphragm consistent with a diagnosis of a high right diaphragm 
due to a subphrenic collection of fluid or hepatic enlargement. Note how the costophrenic 
angle maintains its acuity. Physical signs, however, suggested fluid and subsequent study 
showed this shadow to be fluid accumulated between the base of the lung and the diaphragm. 

Fig. 4. (centre right). Case 1. jV roentgenogram taken after initiation of a pneumo- 
peritoneum. The liver shadow is now separated from the diaiihragm and the density is 
shown to be intrapleural. The convex upper border conforms with the concave inferior 
surface of the base of the lung. 

I'lo. 5. (lower left). Case 1. A roentgenogram after the aspiration of 1,400 cc. of fluid 
from the right jileural cavity. 

I'lG. f). (lower right). Case 1. .Vn X-ray film taken three years later, showing the re- 
appearance of the fluid despite mercurial diuretic therapy. That this fluid is free is shown 
by the fact that the concave Ellis line may be made out and seepage into the horizontal 
interlobar fissure may bo seen. 
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aBd shortness of breath. His past history was significant in that he had a resection of the 
colon for carcinoma in 1938. Physical examination revealed an emaciated adult male, 
extremely pale. Pertinent physical findings were as follows; Heart — PMI in the sixth 
space outside the MCL; sounds of fair quality, A2 greater than P2 and accentuated. 
Th ne was a soft sj^tolic murmur at the mitral area; RSR; PR — ^^'^R — 92. Blood pres- 
sun; was 170/130. Eyes and fundi showed marked arterial narrowing, positive Gunn’s 
sign and recent and old exudates with manj" splinter hemorrhages. Chest: normal 
pulmonary resonance; normal vesicular breath sounds; medium moist rdles were audible 
on left. The liver was felt four fingers’ breadth below the costal margin and there was 
three-plus pitting edema of the feet and pretibially. He had a moderate secondary 
anemia with a leucocytosis and shift to the left. Blood urea and sugar were at normal 
levels. The total serum protein was 5.1 per cent; cephalin flocculation was plus. 

The patient’s course was steadily down hill, punctuated by episodes of profuse hema- 
temesis and exsanguination, necessitating frequent transfusions. These were proved by 
X-ray to be due to esophageal varices. The temperature varied between 99 and 104;.6°F. 
Urea nitrogen was reported to vary between 16.6 and 33.0 mg. per cent. The serum 
protein remained at 5.1 g. per cent. On the 27th, physical examination showed signs 
of fluid at the right base and an X-ray film of the chest revealed “elevation of the right 
diaphragm, in all likelihood due to increased intraabdominal pressure.” On July 1, an- 
other chest plate showed: “The dome of the right diaphragm is a shade high, in all fikeli- 
hood due to an increase in pressure in the hepatic area.” From the experience with the 
presious case, fluid was suspected in spite of this report and 900 cc, of a clear serous fluid 
were aspirated on July 18. An X-ray film several days later still showed the same 
roentgenological signs and physical e.xamination still revealed the presence of fluid. A 
pneumoperitoneum was induced, once more separating the diapliragm from the liver 
shadow and disclosing the pleural fluid which could now be seen to present a typical 
Ellis line. Again, thoracocentesis jdelded 500 cc. of a thin serous fluid. On July 26, 
after a four-month illness, the patient suddenly expired. No autopsy was obtained. 


Fig. 7. (upper left). Case 2. Upright film of the chest showing area of radiopacity in the 
region of the right diaphragm. The costophrenic sinus is not obliterated. Note marked 
enlargement of the cardiac silhouette and the hj'pervascularity of the pulmonic fields. 
Here again, physical signs suggested fluid and, despite a roentgenological report of a high 
diaphragm due to hepatic congestion, paracentesis was performed and yielded, 1400 cc. of 
fluid. 

Fig.S. (upper right) . Case 2. Supine film of the chest showing fluid accumulating along 
the apical and mediastinal portion of the hemithorax. The fluid is therefore free in the 
pleural cavity, but lies between the diaphragm and the base of the lung in the upright 
position. 

Fig. 9. (centre left). Case 2. Roentgenogram after initiating a pneumoperitoneum. 
Again the diaphragm is sep.arated from the hepatic shadow and the intrapleural collection 
of fluid is visualized. 

Fig. 10. (centre right). Case 2. Saggital exposure showing fluid accumulated along the 
mediastinal gutter when the patient is Ijdng with the uninvolved side down and a postero- 
antorior o.xposure taken. 

Fig. 11. (lower). Case 3. Roentgenogram taken in upright position. Density again is 
noted in the region of the right diaphragm. The left ventricle is cnormouslj’ enlarged and 
the upper contour suggests aneurysmal dilatation of the left ventricle. H 3 'pervascularity 
of both lung fields is noteworthj'. The loft costophrenic angle is obliterated. The densitj' 
noted at the right base was due to fluid as shown bj* autopsy the following day. 
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Case S: (Figure 11) A. D., a 44 year old white male accountant, was admitted to Doctor 
Parsonnet’s service complaining of weakness, dyspnea, orthopnea and'ankle edema of one 
month's duration. Positive physical signs were as follows: White-centered petechiae in 
each palpebral conjunctiva; dulness and diminished to absent breath sounds in the right 
lower lobe posteriorly; heart sounds were of poor tonal quality. The PMI in the fifth 
space outside the MCL; A2 greater than P2; a short apical systolic murmur was audible; 
ESR; PR — ^VR — 120; liver felt four fingers’ breadth below costal margin; temperature 
lOl" F. The blood count showed a moderate leucocytosis with a shift to the left. X-ray 
films of the chest were again interpreted by the roentgenologist as showing hepatic 
enlargement and pulmonary congestion. An electrocardiogram showed a sinus tachy- 
cardia with left axis deviation and myocardial damage as seen in coronary insufficiency 
and cardiac enlargement. On careful analysis of the roentgenograms, a clinical diagnosis 
of left ventricular aneiu^sm was made. The uriue showed 30 red cells per high-power- 
field; blood culture was sterile; blood urea nitrogen was 33.0 mg. per cent. 

Here, again, fluid was suspected based on physical signs, although X-ray films in the 
upright position failed to record the conventional configuration. The patient’s course was 
progressively downward, with death in three days after admission. The autopsy findin gs 
were recorded by Dr. L. Goldman, our pathologist, as follows: 

Respiratory trad: The trachea and bronchi are filled with frothy fluid. Both lungs 
show generalized edema and congestion with some emphysematous bullae in both apices. 
The right pleural cavity contains about 500 cc. of clear fluid. The left pleural cavity is 
obliterated by adhesions. The right pleural cavity is entirely patent and no reason for 
the atypical distribution of fluid discerned. 

Circulatory system: Pericardial sac contains about 100 cc. of slightly turbid, yellowidi 
fluid; heart weight — 520 g. The epicardium shows numerotis areas of fibrosis. The 
right auricle and ventricle are markedly dilated. There is an aneurysmal dilatation of the 
anterior wall of the left ventricle with profound myomalacia of the adjoining areas of the 
intraventricular septum and apical portion of the ventricle. Numerous organized mural 
thrombi are attached to the endocardium in this area. Both coronary vessels show 
advanced sclerosis with organized thrombi and e^’idences of recanalization. The aorta 
shows moderate sclerosis throughout. 

Gasirointeslinal trad: With the exception of two hemorrhagic ulcerations in the duo- 
denum, the stomach and intestines are essentially negative. The liver weighs 1,100 g. 
On section, its cut surface shows e^ddence of chronic, passive congestion with areas of 
degeneration and fibrosis. The spleen shows moderate fibrosis. 

Gcnito-urinary trad: The kidneys weigh 340 g. together. There is moderate, passive 
congestion with little e^^dence of vascular disease. 

Anatomical diagnosis: Sclerosis of both right and left coronary arteries with ventricular 
aneurj'sm and mural thrombus formation, associated with mj'omalacia. 

STIMMART 

Three cases of atypical roentgenological appearance of pleural fluid associated 
with heart failure are recorded, confirming the earh', but often overlooked ob- 
servations of Rigler, and Yater and Rodis. The importance of tliis obseiamtion 
lies in the fact that a mistaken diagnosis of subphrenic abscess may naturally 
lead to unwarranted surgery in patients who are decided^ poor surgical risks, 
^^loreovcr, realization of the fact that such shadow is due to fluid and not hepatic 
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e^argement may spare the patient much needless suiffering by the simple pro- 
' cedure of thoracocentesis. 

We wish to add to Rigler’s criteria for the roentgenological diagnosis of atypical 
pleural effusions the aid given by pneumoperitoneum. The procedure should be 
used especially in cases where mechanical factors may interfere with its re- 
distribution by posture and where the amount of fluid is so small that it cannot be 
accurately diagnosed by the simpler positioning techniques. We feel that 
pneumoperitoneum is not an ordeal for even the profoundly sick patient and in 
some instances may be more readily applied than posturing. 

SUMARIO 

En los tres casos descritos, xm derrame pleural asociado con insuflciencia 
cardiaca mostrd aspecto roentgenoldgico atfpico, confirmando asi las antiguas 
y a menudo inadvertidas observaciones de Bigler y Yater y Bodis. La impor- 
tancia de esta observacibn estriba en ei hecho de que un diagnbstico errbneo de 
absceso subfrbnico puede conducir naturalmente a iina injustiBcada intervencibn 
quinirgica en enfermos que son claramente males riesgos quirbrgicos. Ademds, 
la comprensibn del hecho de que la sombra observada precede del liqmdo y no 
de xma hepatomegalia puede ahorrar al enfermo mucho sufrimiento innecesario 
con sblo aplicarle el sencillo procedimiento de la toracentesis. 

A las pautas de Bigler para el diagnbstico roentgenolbgico de los derrames 
pleurales atipicos, debe agregarse la ayuda aportada por el neumoperitoneo. 
Este debe usarse sobre todo en los casos en los que factores mecdnicos pueden 
impedir que la postura adoptada redistribuya el liquido y en los que la cantidad 
de liquido es tan pequena que no puede ser diagnosticada exactamente por medio 
de las tbcnicas mas sencillas de cambios posturales. El neumoperitoneo no 
constituye una prueba dura ni aun para los intensamente enfermos y en algunos 
casos puede resultar mds fdcil aplicarlo que hacer cambiar de posicibn al enfermo. 

We gratefully acknowledge the kind cooperation of Dr. Lester Goldman, Pathologist, 
and Dr. N. James Furst, Radiologist, of the Newark Beth Israel Hospital, Newark, New 
Jersey. 
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EDITORIAL 

Pregnancy and Tuberculosis 

The relation between pregnancy and tuberculosis has a long record in medical 
literature. In spite of the time and thought devoted to this subject, it is difficult 
to follow the golden thread of truth through the zigzag course of medical opinion. 
Advancing knowledge has multiplied the conditioning factors, and higher 
standards of living have altered their implications and rendered their application 
more difficult. Among primitive people with simple environment, pliysical 
fitness for motherhood was the major issue ; nature ran its course without the 
full force of the psychic impact of socio-economic factors and religious scruples.’ 
If the woman was constitutionally fitted for motherhood, conception initiated a 
subconscious sense of normal function well pei-formed; the course of pregnancy 
represented the evolution of manifest destiny and the babe at the breast, the 
consummation of life’s ultimate purpose. The old philosophy — survival of the 
fittest — caused little anxiety and its unopposed operation set a premium on 
fecundity and favored emotional equanimity. 

Under modem conditions, sexual satisfaction, pregnancy and maternity are 
hedged about by disturbing inhibitions, inspired by the multifaceted, rapidly 
mounting socio-economic factors and, in many cases, religious restrictions. A 
mind so disturbed charges the nervous system with unnatural impulses and they 
in turn elicit abnormal responses, so the vicious circle leading to psychophysi- 
ological imbalance is initiated in virtually every case of pregnancy, varying in 
degree and significance according to constitutional fitness of the woman and the 
impact of her socio-economic status. 

Add to this the anxiety arising in the mind of the enlightened prospective 
mother who knows she is tuberculous, understands the danger of contact with 
the new-born child and the necessity of separation to safeguard the baby against 
infection, and immediately there arises the need of a skilled obstetrician and a 
consultant who has had training and experience in the diagnosis and treatment 
of tuberculosis, both committed to close cooperation in the care of the patient 
through the course of a normal physiological process influenced by significant 
psychological confficts. This need implies highly developed scientific skills 
and the vise application of the art of medicine. 

In the last analysis, it may be said that the woman who is constitutionally 
fitted for motherhood and not harassed by socio-economic and religious factors 
may thrive on the profound ph5>'siological changes consequent upon pregnancy, 
even in the presence of tuberculosis. But the woman who is not constitutionally 
fit, or even the w'oman pos.sessing constitutional fitness may suffer lowered 
physical resistance under adverse conditioning factors. With these considera- 
tions in mind, it becomes increasingly clear that pregnancy in the presence of 
tuberculosis, complicated by the difficulties of modem life, may present serious 
problems, entailing heavy responsibilities. 
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On the other hand, a summation of our present knowledge and a careful sifting 
of all the factors, including consideration of improved, obstetrical practices and 
advances in the treatment and the prevention of tuberculosis, surgery playing an 
important role in both, the golden thi'ead of truth emerges from the remaining 
controversial issues with a more hopeful luster. Accumulated knowledge and 
experience, weighed by informed observers, justifies the belief that exacerbation 
or reactivation of tuberculosis in the course of pregnancy seldom occurs in those 
who are constitutionally fit for this physiological experience, provided the 
en\dronmental or socio-economic conditions are favorable. In other words, 
pregnancy pe?- se rarely exerts an unfavorable influence upon- the course of 
tuberculosis. In fact, experience causes the careful observer to wonder if it 
may not occasionally manifest a beneficial influence. 

Far too much emphasis has been placed upon pregnancy and tuberculosis. 
Why not parturition and tuberculosis, the puerperium and tuberculosis, or the 
endless days and nights of conscientious motherhood and tuberculosis? Nothing 
can be more devastating, more depleting, than motherly concern centered upon 
colicky nights and the entailed loss of sleep and physical effort. The tubercle 
bacillus, though helpless through pregnancy, may revel in the aftermath, espe- 
cially when emotional moneyless mothers must cut short the puerperium to 
become nurses, cooks and washerwomen. A good husband, a generous allow- 
ance, a push-button puerperium, nurses and maids and other household aids 
favor equanimity and foster resistance. Through the interplay of all the above 
factors, the impact of pregnancy upon the mind of the prospective mother ma3>- 
occasionally warrant interruption before the end of the third month. The 
strain and trauma of abortion after three months approximate that of labor at 
full term and, vdth few exceptions, the sacrifice of the unborn child is unwar- 
ranted. Even in advanced pulmonary tuberculosis, pregnancy under modern 
care and labor at or near full term with improved methods and techniques, 
including cesarean section when indicated, may proceed without unfavorablj’- 
altering the course of the disease or harming the babJ^ Tuberculosis is rarely 
transmitted through the placenta and immediate separation of mother and 
child eliminates the danger of contact. 

After agreeing that a woman with active pulmonary tuberculosis should not 
become pregnant, nearly all students of this problem believe that pregnancj’’ in 
women who have had active tuberculosis should not be condoned until after the 
disease has been apparently arrested and the prospective mother has had two 
years of normal life. A careful study of the more recent literature indicates 
that, if pregnancy occurs in the course of pulmonary tuberculosis, the weight of 
opinion is against interruption, except in rare instances when clear-cut indications 
arise before the end of the third month. Barring this exception, a viable child 
free from infection may be anticipated without materially adding to the hazards 
of the disease in the mother. The immediate separation of mother and child 
assures the latter a good chance for healthy development if care and environment 
are favorable. The mother's care during pregnancj’^ and foUovdng parturition 
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should be the same as that accorded similar patients in whom pregnancy is not 
an associated factor. This includes institutional care and surgical collapse. 
Not only may it be said that collapse therapy is not contraindicated by preg- 
nancy, but, on the contrary, pregnancy may proceed ndth much greater securit5’- 
because of it. Perhaps the safest time for a tuberculous woman to have children 
is during the period of satisfactory collapse therapy. 


Leuus J. Moorilin 



5Pl)ilip ilalE ^PieriSon 

1886-1946 

Philip Hale Pierson was born November 7, 1886, in Poutingfn, China, where 
his father, Isaac Pierson, was a Presbyterian missionary. Philip inherited and 
maintained throughout his life his father’s strict faith. He was graduated from 



fifjilip J^nlc JJicrsoii 
ISS6-1946 

^Icdford High School in iMedford, iMassachuset ts, and in 1908 from Yale Uni- 
von^ity, where one of his ancestors, Abraham Pierson, had been first President of 
the University. In 1913 he was graduated from Harvard iledical School, later 
mterning at Boston City Hospital and the Massachusetts General Hospital. 
In 1915 he came to San Francisco to be associated with Dr. Philip King Brown. 
The following year he became a member of the teaching staff of Stanford Uni- 
versity Medical School and since 1933 had held the rank of Clinical Professor of 
iHetiioino. In 1935 he was appointed Consultant and Chief of Staff of the Stan- 
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ford d'ubt'vcvilosis Service at the San Francisco llosjntal. lie had been a Con- 
sultant in Diseases of the Chest at. the Veterans’ llosjntal, Fort Miley, San 
Francisco, since that liospital was built. 

Doctor Pierson was a b'cllow of the AnKuican Aledical Association and the 
American ColIe}J:e of Physicians, atid former President, of tlie California 'I’ni)er(ai- 
losis Association. At tlie tim(! of his «lealh he was \’ice-Prcsidcnt of the Xational 
Tui)crcidosis Association. Ife was a nieml)cr of the Commonwealth Club and 
the Alta Vista Lodfje of Ma.son.s, and a Tni.stec and member of the Hoard of 
Directors of the Calvary Presljyterian ('hnreh. 

Doctor Pierson’s contributions to the sciemeo and ]>raetic(^ of medicine are 
many and varied and for the most- part have di'all with various phases of tu- 
berculosis. However, his study of Pubnonnnj Alnolar AdoiomntosiK in Man 
is a noteworthy coTitribution to this subject. Ills study of fiolikiry Foci of 
TuberenJof^iK (.•\merican Review of Tnbennilosis, ID 12, .'/d, 7n) is an outstandin!>; 
contribution of its kind. 

The end came suddenly from cerebral (lirombctsis on .lanuary 17, lOlG, at 
the ago of .55). Doctor Pierson is survived by his widow, Crace F. Pierson, and 
by three children, I3r. Robert 1*1 Picr.son, Mrs. Raiulolph M. Forbe.s and Mr.s. 
■\Vi\\iam L. Hush, as well us three grandchildren. 'I’o all who enjoyed the privi- 
lege of being closely associated with him. Doctor Pierson was a firm friend and a 
good companion. To his patients he was always the able and sympathetic, 
physician. 


SlRNKY .1. Snil'MAN 



Sllfrcti 

1873-1046 

Do<'(or Alfred Gootr.l, tho former lic.’ul nf {ho Tubcmdosi? Division of the 
Citv of Viennn (Anslrin). dictl in 8nn Fnincisco, .Inmniry 21, 10 IG. Born in 
Vienm in lS7o, lie was for years resldcnl physician in the “Sanatorium Alland,” 
at that lime the only sanatorium for tuberculous juiticnts in Austria. Tlic Aus- 
trian Government appointed him, in IftlO, orpanizor of the campaign against 
lubcrculovis. In 1010 he was eommi.ssioned to draw up the regidations concern- 
ing tuberculosis in Vienna. From 1021 to 10, 'IS lie was liead of the Diwsion 
for Tuberculosis in the Ife.'dth Department of that city. Alfred GoetKl was 
al'-'O hononaty secrotaty of the Au.strijm Tuberenlo'^is A.'sociation and Editor of 
its Journal. In all ihe.'k' positions lie carried out a great work in organizing and 
helping the organization of tubcrculo.d.s .^.anatoria and disj)cn.«arics and welfare 
work for the tuberculous. lie built up the welfare work for treatment and 
control of tuberculosis in Vienna, As Associate Profc.ssor, he lectured on tu- 
hcreuk»sis in the .^fcdical School nf the Univen^ity of Vienna and in nurses train- 
ing schools, lie published more than a lumdred articles about tuberculosis, its 
clinical aspects as well a.s it.s .«ocial n.'^peets and causes. 

Tlic last years of hh life Doctor Goetzl ]i\'cd in San Francisco, There he 
wrote, in collaboration with R. A, Rcjmold.s, a biography of Doctor J. Tandlcr, 
tfic famous anatomist and reformer of Public Ilralfh work in Vienna. 

Ludwig TnuKKr 
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NOTICE 


In an Editorial from the Office of the Chief, Tuberculosis Control Division, 
published in Public Health Reports, March 1, 1946, it is announced that 
“Through the courtesy of the Division of Public Health jMethods, it is now 
possible to pubhsh, in the first week of every month, a special tuberculosis issue 
of Public Health Reports.” This is only one manifestation of the expanding 
activities of the Tuberculosis Control Division, and others are briefly enumerated 
in this Editorial. The Review extends a cordial welcome to this newcomer in 
the field of periodical literature on tuberculosis. As far as possible, the papers 
published in these special issues of Public Health Reports will be abstracted for 
publication in the Abstract Section of the Review. 


NOTICE 

Philip H. Pierson Memorial Medical Research Fund 

It has been announced by Dr. Harold Gujmn Trimble, Chairman of the 
Board of Trustees of Alum Rock Sanatorium, that a gift of S5,000 has been re- 
ceived for medical research. 

Alum Rock Sanatorium, San Jose, California, is a non-profit institution for 
the treatment of diseases of the chest. 

This gift uill establish the Philip H. Pierson Memorial Medical Research Fund 
as a dedication to his unselfish devotion and scientific attainments in the field 
of medicine, particularly diseases of the chest. Doctor Pierson, Clinical Pro- 
fessor of hledicine at Stanford University Medical School and consultant at 
Alum Rock Sanatorium, died unexpectedly on January 17, 1946, 


614 




1926 ’27 ’28 ’29 ’30 '31 ’32 ’33 ’34 ’35 ’36 ’37 ’38 ’39 ’40 ’41 ’42 ’43 ’44 ’45 ’46 


615 



INDEX OF SUBJECTS AND AUTHORS 


Acariasis, Pulmonary, 440 

Acid-fast bacilli, Depth growth of, in liquid 
media, 

I. Technique, 353 

II. Study of various technical and theo- 
retical aspects, 363 

Acids, alicyclic, synthetic, sodium salts of 
certain, Tuberculostatic action of the, 
83 

Alexander, John. Comments about pneu- 
monectomy and lobectomy in tubercu- 
losis, 189 

Allergy, Tuberculin, in patients critically 
ill with tuberculosis, 583 

Ambulatory pneumothorax induction, 447 

American Trudeatj Society ; 

Report of the Committee on Therapj*, 96 
Report of the Committee on Clinic Pro- 
cedure, 100 

Report of the Mecical Advisory Com- 
mittee on Health Education, 101 
Report of the Second Michigan-Wiscon- 
sin-Minnesota Regional Therapy Con- 
ference, 181 

Extrapleural pneumonolysis with p.ara- 
flin filling, 184 ' 

Comments about pneumonectomy and 
lobectomy in tuberculosis, 189 
Report of the Membership Committee, 2S4 
Report of the Commite on Under- 
graduate Medical Education, 2S6 
Report of the Sub-Committee on Sana- 
torium Planning and Construction, 287 
Preliminary Program, 1946 annual meet- 
ing, 403 

Amyloidosis, Surgery in the tuberculous 
patient with, 333 

Anatomical studies on human tuberculosis, 

XXI. The reinfection complex, Addi- 
tional observations, 137 

XXII. Primary foci without lymph node 
changes, Additional observations, 393 

Apical localiration of phthisis, 297 

Apparatus, metabolic, Tubercle bacilli in 
the, 264 

Army physical examinations, Chest photo- 
roentgcnogr.aphy in, 103 

Arthritis, tuberculous, Treatment of, 533 

ADr.nn.\cn, Osc.vn, and Stem meum .-inn, 
Marquerite G. Surgery in the tuber- 
culous patient with amyloidosi.s, 33.3 


Bacilli, acid-fast. Depth growth of, in liquid 
media, 

I. Technique, 353 

II. Study of various technical and theo- 
retical aspects, 363 

, tubercle, Chemotherapeutic observa- 
tions on, 594 

, , diagnostic culture of. Combina- 
tion egg media for the, 575 

, , Effect of human gastric juice on, 

385 

, , in the metabolic apparatus, 264 

, , standard cultures of. Depot for, 

511 

, , Virulence of, 496 

Bacillus, Vole, 427 

, , Immunization with the, 411 

BCG immunization in New York City, Re- 
sults of, 517 

Becker, Charles. See Terpl.^.', Kornel, 
137 

Bernii.^-rdt, R. W. Sec Cutler, J. W., el 
al., 224 

Bernstein, Arthur. See Parsonnet, 
Aaron E., ct al ., 599 

Bird, Kenneth T., Bushueff, Boris P., 
AND Dawson, Francis P. Pyopneu- 
mothorax, Treatment of two cases with 
penicillin, 122 

Birkhaug, Konrad. Immunization with 
the vole bacillus, 411 

Bone marrow. Miliary tuberculosis of the, 
115 

BOOKS: 

Broster, L. R. Endocrine man : A study 
in the surgery of sex, 282 

Caven."!, Harold M. National health 
agencies: A survey with especial refer- 
ence to voluntarj' associations, 275 

Cobet, Rudolf. Tuberkuloso und Kreis- 
lauf, 273 

Dooner, Hugo. La silicosis pulmonar, 
252 

Dubo.s, RenC J. The bactori.al cell: In its 
relation to problems of \'irulcncc, im- 
munity and chemotborapy, 277 

Gu.nn, Sr.LSK.\n M., and Platt, Philip 
S. Volunt.ary bc.alth ngcnrics: .\n in- 
terpretive study, 283 

He.ath, Clark IV. Wh.H people arc; A 
study of normal young men, 274 


G17 



CIS 


IKDKX OF SUBJECTS AN'D AUTIIOBS 


IIkovau,, EniK. Bovine tuberculoFis in 
ninn : A rlinicnl study of i)ovine Ud>crcu- 
losis, csporitilh' pulmon.nry tubercu- 
losis, in the southernmost port of 
Sweden, 271 

lIOnEn, Riinoiu', I’ltysicnl chemistry of 
cells nnd tissues, 2S3 

lfou.STnoM, Ein'ak. An investigntion 
into n yeast -like fungus isolated from 
. patients suffering from, or suspected of, 
pulmonary tuberculosis, 279 
KEEns,ll. Y., ANn RicnES,B. G. Pul- 
monary tuberculosis; A handbook for 
students nnd practitioners, 2S0 
Mountin’, Joseph W., Penkeeu, Em.iott 
11., AND Hoge, Vane M. Health serv- 
ice areas; Requirements for general 
hospitals and health centers, 2S3 
Pinneu,Max. Pulmonary tuberculosis in 
the adult; Its fundamental aspects, 2G7 
PoFFEn, Ruth Rice. Familial suscepti- 
bility to tuberculosis; Its importance as 
a public health problem, 2G9 
Ret, Amadeo Joaquin, Panoas, Julio 
C£sar, and Mass£, Ra^l Jorge. Tra- 
tado de tisiologia, 272 
Tapia, Manuel. Formas anatomocllni- 
cas, diagndstico y tratamiento do la 
tuberculosis pulmonar, 2S3 
Publicaciones del Centro do Invcstiga- 
ciones Tisiologicas; Volumcn VIII, 2S3 
Rhode Island State Sanatorium: Forty 
eventful years, 1905-1945, 2S3 
Tercera Reunion Clinica Anual — 1945. 
Tema; Experiencia sobre tuberculosis, 
283 

Tuberculosis in the United States. Gra- 
phic presentation. Volumes. Mortali- 
ty statistics for cities of 100,000 or more 
population by ago, sex and race, 1939-41, 
281 

Brantigan, Otto C., and Hoffman, Reu- 
ben. Bronchiolar spasm as a cause of 
ree.xpansion of a lung following intra- 
pleural pneumonolysis, 52 
Bronchiolar spasm as a cause of reexpansion 
of a lung following intrapleural pneumo- 
nolysis, 52 

Bronchospirometric studies, Spirometric 
and, in thoracoplasty, 195 
Bushuefp, Boris P. See Bird, Kenneth 
T., et al., 122 


Callomon, Fritz T., and Raizls.s, Gf.orge 
W. Diaininodiphcnylsulfono deriva- 
tive.s, 374 

Changes, lymph node. Primary foci without, 
39.3 

Cliemothcrnpoufic oiiservations on tubercle 
bacilli, 591 

Chest photoroentgenography in Armj' 
physical c.vaminations, 103 

X-ray survey, Ma.ss, in Philadelphia 

war industries, SCO 

surveys, mass. Community organi- 
zation for, 224 

Chronic pulmonary disease, Electroc.ardio- 
grams in, 34 

Clinical tuberculosis, Sulphoncs in, 475 
Closed intr.apleural pneumonolysis nnd 
thorncoscopj’, 5)7 

CoiiN, Maurice L., and Corper, H. J. 
Combination egg media for the diag- 
nostic culture of tubercle bacilli, 575 
Combination egg media for the diagnostic 
culture of tubercle bacilli, 575 
Community organization for mass chest 
X-ray surveys, 224 
Complex, Reinfection, 137 
Corper, H. J., .tND Cohn, Maurice L. 
Combination egg media for the diag- 
nostic culture of tubercle bacilli, 575 
(Corper), Transcutaneous tuberculin test, 
129 

County, St. Louis, tuberculosis survey, 240 
Culture, diagnostic, of tubercle bacilli, 
Combination egg media for the, 575 
Cultures, standard, of tubercle bacilli, 
Depot for, 511 

Cutaneous reinfection in pulmonary tuber- 
culosis, 46S 

Cutler, J. W., Sharpe, A. M., Wood, J. 
IV., AND Bernhardt, R. W. Com- 
munity organization for mass chest 
X-ray surveys, 224 

Davies, Roberts, Hedbero, G. A., and 
Fischer, Mario. The St. Louis County 
tuberculosis survc}’, 240 
Davis, D. H. S. See Grasset, E., et al., 427 
Davison, Rich.ard. See Tice, Frederick, 
cl al., 475 

Dawson, Francis P. See Bird, Kenneth 
T., et al., 122 

Dayman, Hom’ard. Latent silicosis and 
tuberculosis, 554 



INDEX OF SUBJECTS AND AUTHORS 


619 


DE Abreu, Mangel. Pulmonary lavage, 570 
Depot for standard cultures of tubercle 
bacilli, 511 

Depth growth of acid-fast bacilli in liquid 
media, 

I. Technique, 353 

II. Study of various technical and theo- 
retical aspects, 363 

Derivatives, Diaminodiphenylsulfone, 374 

of p,p'-diaminodiphenylsulfone and 

sulfanilamide in experimental tubercu- 
losis, 254 

Diagnostic culture of tubercle bacilli, Com- 
bination egg media for the, 575 
Diaminodiphenylsulfone derivatives, 374 
Disease, pulmonary, chronic. Electrocardi- 
ograms in, 34 

Dock, William. Apical localization of 
phthisis, 297 ' 

Drea, W. F. Depth growth of acid-fast 
bacilli in liquid media, 

I. Technique, 353 

II. Study of various technical and theo- 
retical aspects, 363 

Duca, Charles J., and Steinbach, M. 
Maxim. Chemotherapeutic observa- 
tions on tubercle bacilli, 594 

Editorial. Pregnancy and tuberculosis, 
608 

Effect of purified fractions of tuberculin on 
tuberculin-sensitive tissue, 71 
Egg media. Combination, for the diagnostic 
culture of tubercle bacilli, 575 
Electrocardiograms in chronic pulmonary 
disease, 34 

Elkin, William F., Irwin, Mary A., and 
Kurtzhalz, Charles. A mass chest 
X-ray survey in Philadelphia war indus- 
tries, 560 

Emmabt, E. W. The tuberculostatic action 
of the sodium salts of certain synthetic 
alicyclic acids, 83 

Equipment, photofluorographic. Standardi- 
zation of, 291 

Examinations, physical. Army, Chest 
photoroentgenography in, 103 
Experimental ocular tuberculosis, TreaU- 
ment of, with promin, 175 

■ tuberculosis, Combined action of 

p,p '-diaminodiphenylsulfone and im- 
munization in, 250 


\ 

Experimental tuberculosis, Derivatives of 
p,p '-diaminodiphenylsulfone and , sul- 
fanilamide in, 254 

, Sulfones in, 589 

Extrapleural pneiunonolysis with paraffin 
filling, 184 

Families of tuberculous patients. Spread of 
tuberculosis in, 215 

Fischer, Mario. See Davies, Roberts, 
ct al., 240 

Floyd, C. Novack, H. A., and Page, C. G. 
Cutaneous reinfection in pulmonary 
tuberculosis, 468 

Foci, Primary, without lymph node changes, 
393 

Fractions of tuberculin, purified. Effect of, 
on tuberculin-sensitive tissue, 71 
Friedlander, Ernest. See Ornstein, 
George G., ei al., 306 
Friedman, Marcella W. See Ornstein, 
George G., et al., 306 
Function tests. Pulmonary, 306 

Garten-White, Ruth, and Telford, P. 
K. Spread of tuberculosis in families 
of tuberculous patients, 215 
Gastric juice, human. Effect of, on tubercle 
bacilli, 385 

Goetzl, Alfred, 1873-1946, in memoriam, 
613 

Goldbbrger, Emanuel, and Schwartz, 
Sidney P. Electrocardiograms in 
chronic pulmonary disease, 34 
Grasset, E., Murray, J. F., and Davis, D. 

H. S. Vole bacillus, 427 
Growth, Dbpth, of acid-fhst bacilli in liquid 
media, 

I. Technique, 353 

II. Study of various technical and theo- 
retical aspects, 363 

Hedberg, G. a. See Davies, Roberts, et 
al., 240 

Heilman, Dorothy H., and Seibert, 
Florence B. The effect of purified 
fractions of tuberculin on tuberculin- 
sensitive tissue, 71 

Heise, F. H. See Steenken, W., Jr., et 
al., 175 

Herman, Myron. See Ornstein, George 
G., el al., 306 



620 


DJDEX OF BTJBJECTS AND ATJTHOHS 


Hill, Hibuhiit Winslow. “Speed of rcnc- 
tion” hypothesis, 1 

Hoffman, Reuben, and Bhantigan, Otto 
C. Bronchiolnr spnsm ns n cause of 
Teexpansion of a lung following intra- 
pleural pneumonolysis, 52 
Holden, Lawbence W. Transcutaneous 
tuberculin test (Corper), 129 
Human gastric juice. Effect of, on tubercle 
bacilli, 385 

tuberculosis, Anatomical studies on, 

XXI. The reinfection complex. Addi- 
tional observations, 137 

XXII. Primary foci without lymph node 
changes. Additional observations, 393 

Hycodan, 345 

Hypotheis, “Speed of reaction,” 1 

Immunization, BCG, in New York City, 
Results of, 517 

, Combined action of p,p'-diaminodi- 

phcnylsulfono and, in experimental 
tuberculosis, 250 

with the vole bacillus, 411 

Induction, pneumothorax, Ambulatory, 447 
Industries, irar, Philadelphia, Mass chest 
X-ray survey in, SCO 

Intrapleural pneumonolysis, Closed, and 
thoracoscopy, 547 

, reexpansion of a lung following, 

Bronchiolar spasm as a cause of, 52 
InwiN, Maky a. See Elkin, William F., 
cl al., 560 

Jackson, E. L. Sec Smith, M. I., cl al., 589 
JoBDAN, Hovet. Respiratory malforma- 
tions, 56 

JoTOT, G. H. C. Closed intr.apleural pneu- 
monolysis and thoracoscopy, 547 

Kisch, Eugene. The treatment of tuber- 
culous arthritis, 533 

Kloeck, John M., and Sheb, Ben C. The 
combined action of p,p'-diaminodi- 
phenylsulfone and immunization in 
experimental tuberculosis, 250 

, . See SwEANY, Henry C., 

el al., 254 

Klosk, Emanuel. See Pahsonnet, Aabon 
■E., el al., 599 

Kbamer, C. H. Effect of human gastric 
juice on tubercle bacilli, 385 
Kurtzhalz, Charles. Sec Elkin, Wil- 
liam F., cl ah, 560 


Latent silicosis and tuberculosis, 554 
Lavage, Pulmonary, 570 
Leiner, George C. Spiromolric and bron- 
chospiromctric studies in thoracoplasty, 
195 

Levine, Milton 1., and Sackett, M.^bga- 
BET F. Results of BCG immunization 
in New York City, 517 
Lobectomy in tuberculosis, pneumonectomy 
and, Comments about, 189 
Localization, Apical, of phthisis, 297 
Lowy, Paul, and Stein, Paul. Hycodan, 
345 

Lung, reexpansion of a, following intrapleu- 
ral pneumonolysis, Bronchiolar spasm 
as a cause of, 34 

Lympn node changes. Primary foci without, 
393 

Malformations, Respiratory, 56 
Mass chest X-ray survey in Philadelphia 
war industries, 560 

surveys, Community organi- 
zation for, 224 

Matson, Ralph C., lSSO-1945, in mcraoriam, 
508 

McClosky, Wm. T. See Smith, M. I., cl al., 
589 

Media, egg. Combination, for the diagnostic 
culture of tubercle bacilli, 575 

, liquid. Depth growth of acid-fast 

bacilli in, 

I. Technique, 353 

II. Study of various technical and theo- 
retical aspects, 363 

Menendez, Francisco J. Tuberculin 
PPD,566 

Metabolic apparatus. Tubercle bacilli in 
the, 264 

Miliary tuberculosis of the bone marrow, 115 
Moorman, Lewis J. Pregnanej'' and tu- 
berculosis, (editorial), 60S 
Morgan, Russell H., and Van Allen, 
Willard W. Standardization of 
photofluorographic equipment, 291 
Murray, J. F. See Grasset, E., cl al., 427 

New York City, Results of BCG immuniza- 
tion in, 517 

Novack, H. a. See Floyd, C., cl al., 468 
Obituaries: 

Goetzl, Alfred, 1873-1946, 613 

Matson, Ralph C., 1880-1945, 508 

Pierson, Philip Hale, 1886-1946, 611 



INDEX OF SUBJECTS AND AUTHORS 


621 


Ocular tuberculosis, experimental, Treat- 
ment of, with pomin, 175 
Oknstein, GEonoE G., HEnwAN, Myron, 
Friedman, Marcella W., and Fried- 
lander, Ernest. Pulmonary function 
tests, 30G 

P.KOE, C. G. See Floyd, C., ei ah, 4GS 
Paraffin filling. Extrapleural pneumonolysis 
with, 1S4 

-Parsonnet, Aaron E., Klosk, Emanuel, 
.AND Bernstein, Arthur. Pleural 
transudates, 599 

Paterson, Robert G. Periodicals devoted 
to tuberculosis in the United States of 
America, 500 

Patient, tuberculous, wdth amyloidosis. 
Surgery in the, 333 

Patients critically ill with tuberculosis, 
. Tuberculin allergj' in, 5S3 

, tuberculous, families of, Spread of 

tuberculosis in, 215 

Penicillin, Treatment of two cases nith. 
Pyopneumothorax, 122 
Periodicals devoted to tuberculosis in the 
United States of America, 600 
Philadelphia war industries. Mass chest 
X-ray survey in, 560 

Photofluorographic equipment. Standardi- 
zation of, 291 

Photoroentgenographic resuts, 454 
Photoroentgenography, Chest, in Army 
physical examinations, 103 
Phthisis, .Apical localization of, 297 
Physical examinations, Armj', Chest photo- 
roentgenography in, 103 
Pierson, Philip Hale 1886-1946, in memo- 
riam, 611 

Pleural transudates, 599 
Pneumonectomy and lobectomy in tubercu- 
losis, Comments about, 189 
Pneumonolysis, Extrapleural, with paraffin 
filling, 184 

, intrapleural. Closed, and thora- 
coscopy, 547 

, , reexpansion of a lung following, 

Bronchiolar spasm as a cause of, 52 
Pneumothorax induction. Ambulatory, 447 
PPD, Tuberculin, 566 
P,p'-diaminodiphenylsulfone and immuni- 
zation in experimental tuberculosis. 
Combined action of, 250 

sulfanilamide. Derivatives of, in 

experimental tuberculosis, 254 


Pregnancy and tuberculosis, (editorial), 608 
Primary foci without lymph node changes, 
393 

Promin, Treatment of experimental ocular 
tuberculosis with, 175 
Pulmonary acariasis, 440 

disease, chronic. Electrocardiograms 

in, 34 

function tests, 306 

lavage, 570 

tuberculosis. Cutaneous reinfection in, 

468 

Purified fractions of tuberculin, Effect of, 
on tuberculin-sensitive tissue, 71 
Pj'opneumothorax, Treatment of two cases 
with penicillin, 122 

Raiziss, George W., and Callomon, Fritz 
T. Diaminodiphenysulfone deriva- 
tives, 374 

“Reaction, Speed of,” hypothesis, 1 
Reexpansion of a lung following intrapleural 
pneumonolysis, Bronchiolar spasm as a 
cause of, 52 

Reinfection complex, 137 

, Cutaneous, in pulmonary tuberculosis, 

468 

Report of the Committee on Standard Cul- 
tures of the Medical Research Com- , 
mittee of the National Tuberculosis 
Association; A depot for standard cul- 
tures of tubercle bacilli, 511 
Respiratory malformations, 56 
Results of BCG immunization in New York 
City, 517 

, Photoroentgenographic, 454 

Sackett, Margaret F., and Levine, Mil- 
- TON I. Results of BCG immunization 
in New York City, 517 
St. Louis County tuberculosis survey, 240 
Schiller, Israel A. Chest photoroent- 
genography in Army physical examina- 
tions, 103 

Schleicher, Emil Maro. Miliary tuber- 
culosis of the bone marrow, 115 
Schwartz, Sidney P., and Goldberger, 
Emanuel. Electrocardiograms in 
chronic pulmonary disease, 34 
Seibert, Florence B., and Heilman, 
Dorothy H. The effect of purified 
fractions of tuberculin on tuberculin- 
sensitive tissue, 71 



622 


INDEX OF SUBJECTS AND AUTHOKS 


Sensitive, tuberculin-, tissue. Effect of puri- 
fied fractions of tuberculin on, 71 
Sharpe, A. M. See Cutler, J. W., elal., 
224 

Sher, Ben C., and Kloeck, John M. The 
combined action of p,p'-diaminodi- 
phenylsulfone and immunization in ex- 
perimental tuberculosis, 250 

, . See Sweant, Henrt C., 

et al., 254 

Silicosis, Latent, and tuberculosis, 554 
Smith, M. I., Jackson, E. L., and McClo- 
SKT, Wm. T. Sulfones in experimental 
tuberculosis, 589 

Sodium salts of certain synthetic alicyclic 
acids, Tuberculostatic action of the, 83 
Spasm, Bronchiolar, as a cause of reexpan- 
sion of a lung following intrapleural 
pneumonolysis, 52 
/‘Speed of reaction” hypothesis, 1 
Spirometric and bronchospirometric studies 
in thoracoplasty, 195 

Spread of tuberculosis in families of tu- 
berculous patients, 215 
Standard cultures of tubercle bacilli, Depot 
for, 511 

Standardization of photofluorographic 
equipment, 291 

Steele, John D., Jr. Extrapleural pneu- 
monolysis with paraffin filling, 184 
Steenken, W., Jr., and Waglet, Phiup 
F. Virulence of tubercle bacilli, 496 

, Kolinsky, E., AND Heise, 

F. H. Treatment of experimental 
ocular tuberculosis with promin, 175 
Stein, Paul, and Lowt, Paul. Hycodan, 
345 

Steinbach, M. Maxim, and Duca, Charles 
J. Chemotherapeutic observations on 
tubercle bacilli, 594 

Stemmermann, Marguerite G., and Auer- 
bach, Oscar. Surgery in the tubercu- 
lous patient with amyloidosis, 333 

, . Stern, Arthur. 

Tubercle bacilli in the metabolic appa- 
ratus, 264 

Stern, Arthur, and Stemmermann, M. G. 
Tubercle bacilli in the metabolic appa- 
ratus, 264 

Studies, Anatomical, on human tubercu- 
losis, 


XXI. The reinfection complex, Addi- 
tional observations, 137 

XXII. Primary foci without lymph node 
changes. Additional observations, 393 

, Spirometric and bronchospirometric, 

in thoracoplasty, 195 

Sulfanilamide, Derivatives of p,p'-diamino- 
diphenylsulfone and, in experimental 
tuberculosis, 254 

Sulfones in experimental tuberculosis, 589 
Sulphones in clinical tuberculosis, 475 
Surgery in the tuberculous patient with 
amyloidosis, 333 

Survey, Mass chest X-ray, in Philadelphia 
war industries, 560 

, tuberculosis, St. Louis County, 240 

Surveys, mass chest X-ray, Community 
organization for, 224 

SwEANY, Henry C., Sher, Ben C., and 
Kloeck, John M. Derivatives of 
p,p'-diaminodiphenylsulfone and sulfa- 
nilamide in experimental tuberculosis, 
254 

, . See Tice, Frederick, et al., 475 

Synthetic alicyclic acids, sodium salts of cer- 
tain, Tuberculostatic action of the, 83 

Telford, P. K., and Garten-White, 
R.UTH. Spread of tuberculosis in fami- 
lies of tuberculous patients, 215 
Terplan, Kornel. Anatomical studies on 
human tuberculosis, 

XXI. The reinfection complex, Addi- 
tional observations, 137 

XXII. Primary foci without lymph node 
changes. Additional observations, 393 

Test, tuberculin. Transcutaneous, (Corper), 
129 

Tests, function. Pulmonary, 306 
Thoracoplasty, Spirometric and broncho- 
spirometric studies in, 195 
Thoracoscopy, Closed intrapleural pneumo- 
nolysis and, 547 

Tice, Frederick. Photoroentgenographic 
results, 454 

, , SwE AN Y , Henry C . , and D avison , 

Richard. The sulphones in clinical 
tuberculosis, 475 

Tissue, tuberculin-sensitive. Effect of puri- 
fied fractions of tuberculin on, 71 
Transcutaneous tuberculin test (Corper), 
129 



INDEX OF SUBJECTS AND AUTHOES 


623 


Transudates, Pleural, 599 
Treatment of experimental ocular tuber- 
culosis with promin, 175 

tuberculous arthritis, 533 

Tubercle bacilli. Chemotherapeutic ob- 
servations on, 594 

, diagnostic culture of. Combi- 
nation egg media for the, 575 

, Effect of human gastric juice on, 

3S5 

in the metabolic apparatus, 264 

, standard cultures of. Depot for, 

511 

, Virulence of, 496 

Tuberculin allcrgj* in patients critically ill 
with tuberculosis, 583 
PPD, 566 1 

, purified fractions of. Effect of, on tu- 
berculin-sensitive tissue, 71 

test. Transcutaneous, (Corper), 129 

Tuberculosis, clinical, Sulphoncs in, 475 

, experimental. Combined action of 

PiP'diaminodiphenylsulfone and immu- 
nization in, 250 

> 1 Derivatives of p,p'-diaminodi- 

phenylsulfone and sulfanilamide in, 254 

, , Sulfones in, 589 

, hiunan, Anatomical studies on, 

XXI. The reinfection complex, Addi- 
tional observations, 137 

XXII. Primary foci without Ijunph node 
changes, Additional observations, 393 

, Latent silicosis and, 554 

, Miliary, of the bone marrow, 115 

, ocular, experimental. Treatment of, 

with promin, 175 

, patients critically ill with. Tuberculin 

allergy in, 583 

, Periodicals devoted to, in the United 

States of America, 500 

, pneumonectomy and lobectomy in. 

Comments about, 189 


Tuberculosis, Pregnancy and, (editorial) , 60S 

, pulmonary. Cutaneous reinfection 

in, 468 

, Spread of, in families of tuberculous 

patients, 215 

survey, St. Louis County, 240 

Tuberculostatic action of the sodium salts 
of certain synthetic alicyclic acids, 83 
Tuberculous arthritis. Treatment of, 533 

patient with amyloidosis. Surgery in 

the, 333 

patients, families of, Spread of tuber- 
culosis in, 215 

United States of America, Periodicals de- 
voted to tuberculosis in the,f500 

Van Allen, Willard W., and Morgan, 
Russell H. Standardization of photo- 
fluorographic equipment, 291 
VAN DER Sar, a. Pulmonary acariasis, 440 
Virulence of tubercle bacilli, 496 
Vole bacillus, 427 

, , Immunization with the, 411 

Waglet, Philip F., and Stbeneen W., Jr. 

Virulence of tubercle bacilli, 496 
War industries, Philadelphia, Mass chest 
X-ray survey in, 560 

WoLiNSKT, E. See Steenken, W., Jr., 
el al., 175 

Wood, J. W. See Cutler, J. W., cl al., 224 
Woodruff, C. Eugene. Tuberculin allergy 
in patients critically ill with tuberculo- 
sis, 583 

Wright, Adele Cohn. Ambulatory pneu- 
mothorax induction, 447 

X-ray survey, chest. Mass, in Philadelphia 
war industries, 560 

surveys, chest, mass. Community or- 
ganization for, 224 




THE 


American Review 

OF 

Tuberculosis 


OFFICIAL JOURNAL OF THE AMERICAN TRUDEAU SOCIETY 


ABSTRACTS 


EDITOR 

Max Pinner, New York, N. Y. 


EDITORIAL BOARD 

John Alexander, Ann Arbor, Mich. Bruce H. Douglas, Detroit, Mich. 

J. Burns Amberson, Jr., New York, N. Y. L. U. Gardner, Sarana.- Lake, N. Y. 

E. R. Baldwin, Saranac Lake, N. Y. Ross Golden, New York, N. Y. 

H. J. CoRPER, Denver, Col. . Esmond R. Long, Philac Iphia, Pa. 

F. S. Dolley, Los Angeles, Calif. Lewis J. Moorman, Oklahoma City, Okla. 

D. W. Richards, Jr., New York, N. Y. 

VOLUME LIII 

JANUARY-JUNE, 1946 

PUBLISHED MONTHLY 

AT MOUNT ROYAL AND GUILFORD AVENUES, BALTIMORE 2, MD. 

BY THE NATIONAL TUBERCULOSIS ASSOCIATION 




THE 


American Review of Tuberculosis 

Abstracts 

Volume LHI JANUARY, 1946 Abst. No. 1 


Air-bome Tuberculosis. — If normal guinea 
pigs are placed in indiwdual cages in an or- 
dinarj”- animal room housing tuberculous ani- 
mals, the exposed pigs acquire tuberculosis 
of respiratory origin. Those at a distance 
acquire tuberculosis just as often as those in 
the immediate proximity. Several e.xperi- 
ments were conducted with inbred rabbits of 
varjdng resistance to tuberculosis. In the 
first, they were put in indiwdual cages sepr 
arated by a wire mesh screen from a runway 
for infected rabbits which shed tubercle bacilli 
in their urine. The disease acquired is of 
respirator}’' origin beginning as a single pri- 
mary focus. The disease acquired by these 
families closely corresponds to the different 
types of tuberculosis seen in man. The 
second e.xperiment was carried out by using 
the same type of housing, but having one room 
and its quarters irradiated and the other not 
irradiated by ultra'\’iolet rays. Litter mates 
of both high and low resistance were placed 
in corresponding positions in the contact 
cages of both rooms, and the rabbits serving 
as the source of infection were interchanged 
daily between the two rooms. At the end of 
one year, 11 of 15 contacts in the nonirradiated 
room died of tuberculosis. None of the 15 
fitter mates in the irradiated room acquired 
tuberculosis. Three animals in the control 
room developed tuberculin sensitivity, but no 
tuberculous changes were found at autopsy. 
It is therefore probable that ultraviolet 
radiation may control air-borne contagion of 
human tuberculosis. It was noted that re- 
sistance to attack by air-borne contagion is 
distinct from resistance to progression of the 
ensuing disease. In similar experiments, but 
with an increase in the number of bacilli in 


the enwronments, there was shown in rab- 
bits of liigh resistance to disease an increased 
incidence of infection, acceleration in rapidity 
of the attack and an affect on the essential 
character of the disease in proportion to the 
concentration of the infectious agent. In 
rabbits of low genetic resistance to tuber- 
culosis, increasing the concentration of tu- 
bercle bacilli also increases the incidence of 
the disease and accelerates its onset. The 
character of the disease is not affected, it 
remaining a rapidly progressive and dis- 
seminating type. Beyond a certain concen- 
tration, further increases in the infecting 
agent produced no effect. — Experimental Air- 
Borme T^tbereulosis, M. B. Lurie, Am. J. 
M. Sc., February, 194S, 209: 156. — {G. F. 
Miichell) 

Pulmonary Lesions Due to Waxy Fraction 
of Tubercle Bacillus. — The endotracheal in- 
jection of the waxy fraction of tubercle bacilli 
in guinea pigs caused the formation of granu- 
lation tissue, fibrosis and occasional giant 
cells. — Ricerche istologiche sulle lesioni pol- 
monari prodotte dalle cere del B. K. iniettate 
per via endotracheale, S. Savarino, Ann. 1st. 
Carlo Forlanini, 19^2, 6: ISO. — {G. Simmons) 

Specific Proteolytic Enzymes in Pleural 
Effusions. — ^In 73 out of 75 cases of pleurisy 
with effusion and in 20 out of 26 cases of sub- 
siding pleurisy mth effusion, the urine con- 
tained specific proteolytic defense enzymes. 
Three different products of the tubercle bacil- 
lus were used for the demonstration of such 
ferments: (1) caseous substance, giving 66 
per cent;‘(S) endoproteins, giving 70 per cent; 
and (S) esoproteins obtained from cultures, 
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gi\-ing 61 per cent of positive results. These 
findings confirm the opinion of most workers 
in this field that pleurisies with effusion are 
always of tuberculous origin , — Sulla nalitra 
tuhcrcolarc dcllc plniriti clinicamcnie primitive: 
L<rriccrca dcllc protcad spcdfiche di difesa 
nci platritid, C. Caltanco & B. Mariani, 
Ann. hi. Carlo Forlanini, 1943, 6: 145. — 
(<?. Simmons) 

Allergy after BCG Vaccination. — ^After 
BCG vaccination the sensitiAuty against 
tuberculin is increased. There is a marked 
tendency to relate this postvaccinal allergy 
to certain general characteristics of the mor- 
phological and local tji^es in order to c.vplain 
the indi\idual variations. The general con- 
stitution as well as certain skin dise.ases pl.ay 
a definite r61c in increasing the scnsiti\ity 
ag.ainst tuberculin. The authors liave found 
a m.arked contrast in postvaccination allergj' 
in the j'oung adult and in the newborn. It 
is more rapid and intense in the young adult 
and i.s retarded in the ncwboni. Four hun- 
drc<l and eighty-nine young male adults 
(23.0 per cent of the total e.xamined) between 
IS and 23 yeare who were anergic to tuberculin 
in concentrations from 1:10,000 to 1:10 
(M.nnlou.v tcchniciuc) liave been studied. 
They were vaccinateil iiy intracutaneous in- 
jection of 0.1.') jng. of BCG in pluT-iological 
salt solution. "Within four to twenty-eight 
days these jicrson.s were subjected in groups 
to the ^^antoux test. From the fourth to the 
fifteenth day a dilution of 1 : 10 of Old Tulwr- 
culin, an<i from the twentieth to the twenty- 
cightli day of 1:100 was crnployc^l. The 
group testfsi on the fourth tl.ay showol en- 
tirely negative skin tests. The group tostcrl 
on the ninth day .>:h owed 0.7 per cent podtive 
rcrult'. The jwifive results were more fre- 
qi!''::! in group’- ti'strsi after the ninth day and 
fmally r<'ac!ie>l jK-r cent on the twcuty- 
.dght!: d.'.y. It is A' -un;e<l tliat the--'* young 
ad.al*,,- h.'.'l not infccte>l with tulK’.’cu- 

!■ pri’i.* to tlieir v.ac.’in.ilion. The 
f-iur.d in t’ne f.-’.ct that f<ri th'- fourth d.ay after 
th-*- .apyls r.atiori id liCtl r:o:.e r,f the te-'te.! 
j .wed r.tiy rvu'-tio:'. to tul-erculin 


and that the allergization started only after 
the ninth daj*. Secondary proof is tluat no 
case of positive Koch phenomenon wdth early 
suppuration was obsen'ed, although this is 
quite frequent in cases of vaccination of per- 
sons with primary infections. Tlie authors 
also studied the local conditions of the skin 
and the possibility that these could influence 
the establishment and intensity of allergj’. 
According to the color of the skin, four groups 
(white, swarthy, brown and black) and 
according to the hairiness, three groups 
(hairless, hairy and hirsute) were tested 
scparatelj’. The results showed that in these 
seven groups there was no difference in the 
intensity or chronologj’ of the allergj’ pro- 
duced after vaccination w’ith BCG. A series 
of 21S newborn received before the seventh 
day of life 0.15 mg. of BCG bj’ intracutaneous 
injection. The appearance of a positive Man- 
toux test was also investigated. TJic babies 
were di^’idcd in groups. These were tested 
by intracutaneous injections of 1:10 tuber- 
culin from the fifteenth daj’ to the fourth 
month after vaccination. None of the chil- 
dren showed an allergic reaction on the fif- 
teenth daj’. After one month onlj’ 12.3 
per cent .diowcd a positive skin test; after 
two months, 60 per cent; after three months, 
65 per cent; and after four months, SO per 
cent. Despite the fact that tuberculin 1:10 
w.as used, onlj' moderately intense reactions 
were obtained. Tlicrc is a marked contrast 
in the duration of the prcallcrgic postvaccinal 
I>criod between j’oung adult and newborn. 
After one month S5.7 per cent of tlic j-oung 
.'idulfs were Fcn.ritivc to the Mantoux test 
with 1:100 Old Tulwrculin, whcrcii-K, four 
montlia wore necc-sary to obtain tlie .“.'une 
result ivith a dilution of 1:10 in the nowlKirn, 
The nutliors Ixlicve tiiat thi^ is due t*) the 
fact that water is more re.adih’ nb^orlM'd in the 
skin of the newlxim than it is in the adult. 
In ordf-r to jirwini-e a hK-al irritation, it is 
n's'er- =arj’ for the tul>ercu!in to remain a cer- 
tain time within the rkin. If the ideorption 
titr.'’ for fluid i- .af'-elerate-i, th-e tul>erculin 
p.v'*e:'* rapidij' info th*' blfxxi.i-trearn. Tor 
that rerv-on, ti.e |o>'al reaction in the new Jyj.'Tt 
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is less severe. The authors come to the con- 
clusion that nothing shows that the immunity 
conferred by BCG is established after a pro- 
longed period of time. Although the local 
allergy against tuberculin is retarded in 
babies they believe in effect that the Mantoux 
test does not give any indication as to the 
beginning nor to the intensity of the immun- 
ity. As practical consequence, there is no 
reason to isolate the vaccinated infants until 
the allergy appears . — Inflvenda de la edad, 
color y grado del pilosidad sohre el comienzo 
de la sensibilidad hiberadmica. Post-vacuna- 
don con B.C.G., R. A. Vaccarezza & C. A. 
Urqtiijo, Rev. argent, de iitberc., Jidy-Septem- 
ber, 1944, 10: 1S5. — (TF. Svnenty) 

Pathological Changes following BCG Vac- 
cination. — ^The study is based on autopsies 
of 57 children up to the age of 2 who had 
received BCG vaccine and had died of non- 
tuberculous diseases (bronchopneumonia, 
meningitis, dyspepsia, etc.). Twenty-five 
nonvaccinated cases were taken as controls. 
The entire group of vaccinated children 
showed characteristic changes in the reticulo- 
endothelial system. The changes differed 
with the age of the child, being dependent on 
the time elapsed since vaccination. The 
lymph nodes showed a very pronounced catar- 
rhal sinusitis. There was marked hyperemia. 
The l 3 Tnph sinuses were dilated and filled 
with large endothelial cells and lymphoblasts. 
There was complete absence of monocytes 
and histocytes. The lungs showed accumu- 
lations of l;^phoid and histocytic elements in 
the interstitial tissue of the cortical regions. 
The liver showed cellular infiltrates, mostly 
perivascular, consisting mainly of lympho- 
cytes and occasional endothelial cells. In the 
spleen there was hyperplasia of the follicles 
and proliferation of endothelial cells in the 
sinuses. At the age of 6 months a quieting- 
down of all these processes was noted. The 
sinuses of spleen and lymph nodes became 
narrower, there was a regression of cellular 
infiltrations and a steady increase in histo- 
cytic elements at the site of the lesions. At 
the age of one year the lymph nodes showed 


progressive fibrosis. Spleen and liver re- 
vealed at this time analogous trends of cell 
metamorphosis. At the age of 2 all above 
processes were stabilized to a great extent. 
The lymphoid system showed the develop- 
ment of a fine fibrous tissue, especially in the 
marginal sinuses. The investigations show 
that reactions to the strain of BCG appear as 
early as a few weeks after vaccination, in- 
crease in intensity up to the age of 3 to 4 
months, after wliich time retrogressive changes 
are obsen^ed, finally resulting in fibrosis after 
the age of one year. In addition to the above 
described reactions of “paraspecific” nature, 
14 of the 57 cliildren showed caseous lesions 
in the lymph nodes, combined in 3 cases with 
typical tubercle formation in the parenchym- 
atous organs. Caseous lymphadenitis af- 
fected as a rule not less than 3 groups of 
l 3 unph nodes. The order of frequency and 
intensity of involvement was: the cervical 
group, the submandibular group and the retro- 
pharyngeal group. The lymph nodes at the 
bifurcation and the tracheobronchial lymph 
nodes seemed to be involved to a minor extent, 
the lesions being less of the caseous and more 
of the paraspecific catarrhal type. Because 
of these findings it is supposed that the first 
changes after oral administration of BCG 
occur via the lymphatics of mouth and 
pharynx. This assumption is corroborated 
by the fact that in 3 cases specific tubercles 
were found in the tonsils. The paraspecific 
processes, occurring in all children, and the 
caseous lesions are considered as essentially 
related, differing only in the degree of reactiv- 
ity of the reticulo-endothelial system towards 
BCG. The control group of unvaccinated 
children did not reveal any similar patho- 
logical findings. The 57 cases had received 
the BCG strain "Paris.” Clinical observa- 
tion had showed that administration of this 
strain had been followed by a higher incidence 
of clinical complications than the adminis- 
tration of the strain BCG I. A second patho- 
logical study was based on 20 autopsies of 
cases vaccinated with the BCG I. No funda- 
mental difference in the reactions to the two 
strains was noted. Both produced an irrita- 
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tion of the retieulo-endothelial sj'stem. How- 
ever, the reactions to the second strain were 
much less intense and less frequent. In 
addition, the delay after winch retrogressive 
changes occurred was shorter, the onset of 
fibrosis being noticeable already at the age of 
6 months. The incidence of specific changes 
with caseation and giant-cell formation was 
much lower; only one case out of 20. (Cas- 
eous mesenteric lymphadenitis.) Tliis sec- 
ond group of autopsies showed the predomi- 
nant changes in the Ijmphatic apparatus of 
the intestinal tract. — Pathological Changes in 
Children Vaccinated icith B.C.G., V. I. 
Pusik, Prohl. tuherk., 1944, S: 25. — (F. 
Lciles) 

Vaccination with BCG. — In U.S.S.R. vac- 
cination with BCG is conducted on a mass 
scale, being administered to the majority of 
newborn children. In 1940 635,000 cluldren 
were vaccinated, in 1941 470,000. This 
investigation regarding the effectiveness of 
BCG was based on the study of children born 
in 1938. The first group consisted of 56,951 
children who had been vaccinated at birth. 
The second group consisted of 17,469 children 
who had not been vaccinated for various 
reasons, mostly because of lack of vaccine. 
It was found that the mortality from tuber- 
culosis within the first year of life was almost 
twice as liigh in the nonvaccinated group. 
This group also showed a higher morbidity 
from tuberculosis within the first year. The 
decrease in the mortality from cluldhood 
tuberculosis in Moskow has been about 40 
per cent from 1937 till 1940. This decrease 
is considered by the author as an indirect 
proof for the effectiveness of antituberculous 
vaccination on a mass scale. Comparison of 
mortality rates from childhood tuberculosis 
in jSIoskow and Leningrad showed the gre.atcr 
effectiveness of subcutaneous vaccination 
which had been practiced in Leningrad. 
However, the difference was only slight, and 
it is not felt to warrant mass application of 
subcutaneous vaccination in the newborn 
because of the possibility of subcutaneous 
infiltrates . — The Effectiveness of Anii-liiber- 


entlons Mass Vaednaiion wUh BCG, M. A. 
Klehanow, Prohl. tnberk., 1944, 5: 45. — ( F. 
Ldtes) 

BCG Vaccination in America. — ^Approxi- 
mately 1,000,000 children were inoculated 
with BCG vaccine in Brazil between 1927 
and 1942. In the same period 58,000 chil- 
dren were vaccinated in Uruguay and about 
90,000 in Argentina. Various studies on 
BCG vaccination were made also in the U.S.A. 
The great majority of the vaccinated cluldren 
became tuberculin reactors. Studies on 
rather small series of individuals, but under 
particularly favorable experimental condi- 
tions (identical conditions of life and of ex- 
posure), shov? markedlj’’ reduced morbidity 
and mortality rates among vaccinated children 
as compared to those found among not vac- 
cinated controls. The statistical data ob- 
tained in the above countries are tabulated 
and the results tested by the method of Pear- 
son. It appears that the markedly lower 
morbidity and mortality rates in vaccinated 
cliildren as compared to suitable controls 
cannot be due to mere chance; they are rather 
a confirmation of the value of the Calmette 
Gu4rin method of prophylaxis. — Analisis 
cstadisiico de hs res^dtados de la vaednadon 
aniilnbercidosa con el B.C.G. cn las Americas, 
A. P. Leon, Rev. mex. dc inhere., A-pril, 1944, 
6: SI . — (L. Molnar) 

BCG and Resistance to Tuberculosis. — 
The author has had twenty years of e.xperi- 
ence in Cuba uith BCG vaccine. This ex- 
perience has clarified some of the more ob- 
scure points regarding the action of BCG. 
Although the hopes of Calmette and his col- 
laborators that the TOCcine would result in a 
complete resistance to the infection did not 
materialize, it is now established that BCG 
is verj’ efficient in augmenting resistance. 
But we do not yet know the exact mechanism 
of its action. A review of the literature 
shows that the observers who have had ex- 
perience of at least 10,000 vaccinations arc 
fervent partisans of BCG, whereas those who 
have had little c.xpericnce generally arc not. 



ABSTRACTS 


5 


Poor results have been obtained because of 
faulty technique or faulty preparation and 
handling of the vaccine. This was the case 
in Lubeck. The failures in obtaining a dur- 
able resistance are due mostly to using dead 
bacilli or products derived from dead bacilli. 
It is important that hve germs be used. 
Dead BCG does not give any resistance, or 
for a very short period of time only. This 
has been proved by animal experiments. 
The author has studied the changes which 
take place as a result of the different manipu- 
lations during the preparation of the vaccine. 
The optimum for obtaining a good vaccine is 
a culture of less than twenty-eight days of 
groudh on glycerine-potatoes at a tempera- 
ture of 98.6°F. Trituration for thirty min- 
utes with glass balls does not alter the vitality 
of the germs, but should not be maintained 
for more than fifteen minutes. It is ques- 
tionable whether the natural primai-y infec- 
tion is a process which should be imitated or 
improved by vaccination with BCG. The 
natural primary infection generally augments 
the resistance to reinfections, but can also 
cause a progressive infection with acute illness 
and even death. Immunity and allergy are 
expressions of the balance of different factors 
wliicli intervene in the organic functions. 
Their equiUbrium is necessary for the normal 
development of the organism and adaption 
to the new conditions that are created by 
any illness. In the phenomenon of Koch 
immunity reacts with the corresponding al- 
lergy, A direct action of the toxic substance 
exists with the specific antibodies. Subjects 
who have had glandular manifestations of 
tuberculosis in infancy have a greater re- 
sistance to the severe types of tuberculosis 
in later years. Two great mechanisms work 
together in the fight against the bacilli: the 
localization and destruction caused by the 
immunity, and the elimination. The action 
of the BCG has been explained as follows: 
The vaccine produces substances wliich act 
upon the newly arri\ang bacilli. The allergy 
is one of the phenomena of the immunization 
and expresses the degree of resistance. Suc- 
cessfully vaccinated persons should present 


an allergic reaction. The end of the im- 
munization can be determined by the moment 
when allergy disappears. The vaccination 
should provoke early, intense and lasting 
allergy. The author’s experiments with ani- 
mals prove that we can no more consider 
allergy as a true expression of an improved 
resistance to tuberculosis. The BCG permits 
the discovery of anergy to tuberculin and 
certain modifications of an actual allergy. 
This may be called occult or latent allergy. 
Little is known of the mechanisms that take 
place in the prevention and curing of tuber- 
culosis. In the beginning of the infection 
antibodies appear in the blood, and a more or 
less apparent allergy becomes evident. Tliis 
is not an indication of healing or failure of 
healing. BCG vaccination is one form to . 
normaUze the primary infection by a non- 
dangerous mechanism. The establishment of 
allergy in a vaccinated subject without chn- 
ical evidence of tuberculosis can be interpreted 
as due to the vaccination. The author has 
experimented with an extract of BCG wliich 
is more active and less susceptible. Animal 
experiments with it have proved that the 
reaction to this extract is much more intense 
and lasting than with any other tuberculin. 
Systematic intracutaneous revaccination must 
be made independently of the allergization 
of the subject. This is necessary in order to 
maintain the immune reaction on a high level 
and to obtain a specific prophylaxis to tuber- 
culosis. The author’s BCG extract gives 
a high percentage of positive reactions in 
subjects who have not shown allergy after 
vaccination with PPD and OT. — Sobre el 
aumenio dc la resistenda aniitubercidosa con- 
ferido for el B. C. (?., P, Domingo, Rev. 
cubana de iiiberc., Jvhj-September, 1944, 

8: 41 !• — (IF* Snnenty) 

Pneumothorax. — ^The indications for in- 
duction of pneumothorax have become so 
elastic that the number of absolute contra- 
indications (congestive heart failure, rapidlj'' 
progressive bilateral disease, poor general 
condition, etc.) is small. Once pneumothorax 
is induced proper spacing of refills, obser\’a- 
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tion of the status of the contralateral lung, 
frequent fluoroscopy and roentgenoscopy are 
some of the phj’^sician’s responsibilities. 
Large pleural effusion, rupture of the lung, 
adherent pleuiitis maj’-, but not necessarily 
Trill, render the continuation of pneumothorax 
treatment impossible. Inadequate collapse 
is dangerous to tlie patient and to the com- 
munity, and constitutes an indication for 
discontinuation of pneumothorax. — Artificial 
Pnewnothorax Treabnerit and Its Respon- 
sibilities, P. L. Deshvwkh, Med. BnlL, 
Talegaon Txibcrculosis Sanatorivm, Poona, 
India, November, 1943, 11: 1. — (P. Lomj) 

Pneumothorax. — ^The contraindic.ations to 
artificial pneumothorax treatment are the 
following: {!) mjmeardial inefficiency, (2) 
dj'spnea, (S) cjmnosis, (4) extensive infiltra- 
tion of both lungs, (5) emphj^ema, (6) hj'per- 
tension, (7) advanced tuberculous of other 
organs, except the larynx, (S) miliary tuber- 
culosis, (9) advanced nephritis and {10) 
tuberculous pneumonia. Adhesions, ob- 
literative pleuritis, purulent effusion, severe 
reactions after refills, perforation of the lung 
may necessitate discontinuation of pneumo- 
thorax treatment. Even if techiricall 3 ' satis- 
factory collapse is obtained, the lesions maj"^ 
not heal and spread of the disease may occur. 
One hundred and eleven cases treated bj' the 
author were dirided into three classes: (2) 
cases udth unilateral disease, (2) bilateral 
tuberculosis with onlj' one lobe affected in one 
of the lungs, (S) e.xtensive involvement of 
both lungs. In onlj'' 10 (32 per cent) cases 
of the first group could effective pneumothorax 
be maintained. Fifteen (62.5 per cent) 
patients of the second class received pneumo- 
thorax treatment, and in onl}’- one of them 
was the treatment successful. In the third 
group no effective pneumothorax could be 
given. — Limitations of Artificial Pncimo- 
ihorax Treatment, P. L. DcslmvM, Medical 
Bxdletin, Talegaon Tuberculosis Sanatorium, 
Poona, India, November, 1942, 10: 1. — (P. 
Lmvy) 

Empyema and Pneumonolysls. — ^During a 
five-j’car period between 1938 and 1943, 


754 sections of pleural adhesions were per- 
formed in the tuberculosis serTuces of the city 
of Buenos Aires. Emps'ema occurred in 24 
cases, of which 9 were related direct^ to the 
operation. In 5 of the 9 cases pulmonary per- 
foration was the erident cause of the em- 
pj’ema. Four causes of perforation are listed: 
partial section of adliesions, cortical pul- 
monary lesions, bronchopulmonarj’- hjqrer- 
tension from ball-valve mechanisms and the 
rupture of a zone of least resistance in the 
cauterized area. — Considcraciones sobre cm- 
piema y operacibn de Jacobacus, F. A. Mbdid 
& R. Sainpictro, Arr. Cdted. dc pat. y din. 
iubcTc., December, 1943, S: 324- — {R- Kegel) 

Mediastinal Shift. — ^An inspiratory shift 
of the mediastinum toward the side of a 
pneumothorax maj' be obsen’^ed sometimes. 
This sliift is due to a disturbance of the 
equilibrium between intrapulmonary and 
intrapleural pressures. These pressures have 
been studied simultaneously in a guinea pig 
and it appeal's that during inspiration the 
intrapulmonary pressure descends to about 
— 1.5 cm. of water and rises to -f2 cm. of 
water during expiration. The intrapleural 
pressure changes from —7 cm. during inspira- 
tion to —1 cm. during e.xpiration. Com- 
parison of these two pressures reveals that the 
decrease of the intrapleural pressure is more 
pronounced than that of the intrapulmonary 
pressure. In other words, the difference be- 
tween intrapulmonary and intrapleural pres- 
sure increases during inspiration and reaches 
a maximum shor% after the inspiration is 
completed. Thus, in the animal studied, the 
intrapulmonary pressure was 2.5 cm. of water 
higher than the intrapleural pressure during 
expiration, whereas the difference became 5 
cm. of water shortty after inspiration. The 
mediastinal sliift is due to the increased intra- 
pulmonary pressure of the healthj’ lung during 
inspiration. IMien the pressure equilibrium 
is restored, the mediastinum returns to its 
normal position due to its own elastic retrac- 
tion and to that of the healthy lung and not to 
an increase in the intrapleural pressure on the 
pneumothorax side. A mediastinal shift 
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occurs only under trvo condiiions: (/) 
the coll.ipscd lung: has lo<t all of its expansile 
caparity because the disease has progressed 
too far. (If only one healthy lobe remains, 
the insinratoiy cxiiansion of this healthy 
lobe is suflicient to overcome the dispropor- 
tionately increased negative intraidcural pres- 
sure .and no mediastinal .shift occurs.) (2) 
Wlien the mediastinum ha.s become too flaccid 
duo to too gre.at refills and is pushed over to- 
v,-ard the healthy side. Tn this case the medi- 
astinum relunis toward its normal position 
during inspiration and is again pulled toward 
the healthy side during expiration. A mctli- 
astinal shift indicates faulty technique in the 
management of a pncumothonix and often is 
due to too copious refills. Sometime.-;, how- 
ever, it is difiicult to jirevent an inspiratoiy 
shift of the mediastinum in the ease of a left 
pneumothorax because the heart, freed from 
the attraction toward the chest wall, tends to 
a.'.nime a median position due to its own 
weight. It remits that,' whcrea.s in n right 
pncumothonix it is safe to arrive at a maximal 
intrapleural exiiiratory jirc.ssurc of 0 or -bl, 
it is safer never to surjiass cxiiinatory intra- 
pleural prc.=surc of —2 or —1 on the left, 
because “one must always jealously watch 
that in the course of a jmeumothorax the 
mcdi.astinum may not become dc%natcd.” — 
Lc halanccmcnl dxi viCdiasiin au coxirs du 
Tmaimcthorax artificicl, M. BaUkt, Pressc 
rndd.. May, 1940, No. 4G, o2o.—[G. Simmons) 

Spontaneous Pneumothorax in Infant. — 
An 18-day-old girl developed spontaneous 
pneumothorax followed shortly thereafter by 
staphylococcus empyema. Aspiration of air 
and fluid improved her condition, but it was 
necessarj' to perform rib resection and tube 
drainage to effect a cure. The infant was 
also treated with sulfathiazole, lavage of the 
pleural caxity and with transfusions. It is 
believed that the patient had developed a 
staphylococcus infection in her lung, and a 
subpleural focus ruptured into the pleural 
cavity. This assumption is strengthened by 
the fact that lavage fluid w’as coughed up on 
one occasion . — Spontaneous Pneumothorax and 
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StaphyJocorcaJ Empyema, Elizabeth lAind, 
Lanat, May 2C>, 1945, 248: G61 . — (//. Mar- 
cus) 

Circulation Time in Bilateral Pneumo- 
thorax. — Mention is made of the various at- 
tompt.s to measure circulation time- in col- 
lapsed lungs and the conflicting results ob- 
tained. The authors present their findings in 
15 oasc,s of bilateral pneumothorax. The 
arm-lung tract method of Ilitzig (ether) in 
which four to eight seconds is considered 
normal, and the arm-tongue tract method of 
I\'lnlcrnitz, Deutsch and Bruell (decholin) 
in which nine to sixteen seconds is considered 
normal, wore used. Circulation time W'as 
found to be normal in 12 of the 15 by the arm- 
lung tract method and in all bj' the second 
method. The authors found no relationship 
between circulation time and idtal capacity. 
Consideration is given to the hyperemia and 
ischemia theories of the collapsed lung and the 
concept iircscntcd that both are compatible 
with jmlmonary plij-siolog}'. This, they 
claim, is possible because of the two tiq^es of 
blood vessels in the lungs, described by Tie- 
mann and Daiber: one, the large repository 
vessels which may be full or empty (thus 
producing a state of lyTicremia or ischemia), 
and the second, which surround the first and 
has a normal circulation . — El lienipo drcida- 
torio cn individxws soinclidos a ncumotorax 
bilateral, N, Gonzalez dc F. & J. Navajas 
T., Rev. espah. dc tuberc., February, 1945, 
14: 111 . — (/. S. Peterson) 

Bronchosplrometry in Pnemuothorax. — 
Spirometric tests were made on 13 cases of 
pulmonary tuberculosis, treated with uni- 
lateral pneumothorax. In the collapsed lung, 
a constant decrease of the ^dtal capacity w’as 
noticed; a less marked decrease of the respira- 
tory; volume was also obsen^ed. The decrease 
of the \dtal capacity, in almost all cases, was 
chiefly due to the decrease of reserve air, and 
secondly to the decrease of the complementary 
air. The average decrease of the various 
percentages is 15.2 in the case of the vital 
capacity, 12.4 for the complementary air. 
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19.8 for the reserve air and 12.1 for the respira- 
tory volume. The oxygen intake also de- 
creased in the collapsed lung, especially in the 
cases complicated with atelectasis. The ven- 
tilation equivalent improves with the induc- 
tion of pneumothorax. As regards the tm- 
collapsed lung, a compensatory increase of the 
oxj^gen intake as well as the respiratory vol- 
mne was recorded. — Estudio broncoespirornS- 
iricos en la colapsoterapia, R. F. Vaccarezza & 
A. Sovbrie, An. Cdted. de pat. y din. Inhere., 
June, 1944, S: 5. — {H. Behm) 

Sodium Citrate as Preventive of Pleural 
Adhesions. — In order to prevent the prema- 
ture loss of a pneumothorax space after the 
appearance of a pleural effusion 3.8 per cent 
sodium citrate was successfully used. In 44 
cases of 5 to 6 years old pnfeumothoraces uath 
small effusions, 5 cc. of 3.8 per cent sodium 
citrate solution was injected into the pleural 
space t\vice weekly for two to three months. 
Symphysis of the pleurae occurred only in 11 
cases. Applying tliis method, the adthor 
succeeded in maintaining a good pneumo- 
thorax in 21 out of 25 cases of massive pleural 
•effusion. The following technique is sug- 
gested; As soon as the pleural effusion sets 
in, 5 cc. of the solution are injected. Tins 
injection is repeated a week later and is re- 
peated until the formation of fluid stops. — 
Le citrate de soude moyen de luite contre la 
symphyse pleurale, A. Dnssert, Rev. de la 
inhere., 194^, T: 155. — (G. Simmons) 

Preoperative Cardiovascular Examination. 
— Circulatory complications which can inter- 
fere in thoracic surgery depend upon the suffici- 
ency of the heart and its resistance to the surgi- 
cal shock. In La Esperanza Sanatorium in 
Habana, Cuba, the patients scheduled for 
thoracic surgery go through a routine pro- 
cedme of cardiovascular examinations which 
includes electrocardiogram, vital capacity 
and velocity of blood. Tachycardia is com- 
mon in tuberculous patients. A pulse rate of 
more than 120 per minute over a prolonged 
period of time is the expression of a toxemic 
state of the myocardium and constitutes an 


absolute contraindication for any surgical 
intervention. A second stage thoracoplasty 
should be postponed if tachycardia inter- 
venes after the first stage. The tachycardia 
may not only be the expression of a compensa- 
tory mechanism, especially if the hemato- 
poiesis has been affected by extensive lesions 
or an exaggerated therapeutic collapse. If 
the arterial pressure is low the patient’s 
general condition should first be built up. 
Hypotension is due to active vasoparesis and 
even dilatation of the arterioles as a conse- 
quence of the action of the tuberculous toxins 
on the vasomotor centres. Caution is advo- 
cated in case of hypertension. No patient 
with a blood-pressure of over 150 mm. Hg 
should be operated upon. The pleuropul- 
monary tuberculosis as well as all forms of 
collapse therapy seem to have no effect on the 
venous pressure. Among the large number of 
surgical cases at La Esperanza, not one has 
been obsen^ed uith elevated venous pressmre 
or collateral venous circulation after surgery. 
The venous pressure can only be affected by- 
compression of the great veins, by tumor 
masses of the mediastinum, aortic aneurysm, 
enlargement of the lymph nodes of the axilla 
etc. These conditions may cause compres- 
sion or obstruction of the lumen of the large 
veins. The value of the vdtal capacity tests is ■ 
limited as the normal lung tissue of the pa- 
tients is reduced by the pulmonary lesions or 
by the therapeutic collapse. Also, the tests 
have to be made on patients on absolute bed- 
rest or restricted activity. Changes in the 
heart great enough to produce changes in the 
electrocardiogram are not frequently seen in 
tuberculous patients, the most frequent being 
sinus tachycardia. This is caused by the 
action of the toxins on the autonomic centres 
of the heart and on the neurovegetative sys- 
tem, or by a hyperfunction of the adrenal 
gland. Other lesions visible in the electro- 
cardiogram are rare. But myocardial lesions 
of tuberculous or nonspecific origin are fre- 
quently found in autopsies, although these 
lesions had not been seen in the electrocardio- 
gram. Sinus tachycardia, if under 120 and 
not constant, and isolated extrasystoles are 
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no contraindications for surgery. Anj' tachy- 
cardia of over 120, frequent extrasystoles, 
electrocardiographic e\'idence of myocardial 
damage, heart block, auricular flutter, coro- 
nary occlusion are absolute contraindications. 
If chest surgeiy absolutel}'^ has to be done 
under these circumstances, local anesthesia 
should be used after controlling the toxemia 
as much as possible . — Examcn cardiovascular 
preoperaiorio de los iuhcrcidosos pidmonares 
en cirugia pidmonar, R. C. Barrena, Rev. 
ciibaita de tvberc., Jvly-Scptcmbcr, 1944, 
S: 4S2. — (TF. Sivicniy) 

Late Results of Thoracoplasty. — Of 242 
cases of pulmonary tuberculosis treated rvith 
thoracoplastj', 20 (8.26 per cent) showed re- 
currence of the disease after “a long period of 
time” follo\s-ing the operation. In 17 cases 
the disease appeared on the side operated on. 
In 7 the recurrence was due to a too limited 
thoracoplasty and in 10 cases the thoracic 
wall was too rigid to permit a satisfactorj' 
collapse. In 3 cases there was recurrence of 
the disease on the contralateral side. Only 
2 patients died. They had been operated on 
in 1929 and 1933, respectively, with an inade- 
quate technique. Recurrences became mani- 
fest anywhere between seven months and 
eight years after the operation . — Reclmtes 
tardives de tuberculoses cavilaires unilaUrales 
apparemment guiries par thoracoplaslics, A. 
'Bemon, H. Fruchand cf: M. Gautier, Presse 
mid., April, 1940, No. 33-34, 366, — (G. 
Simmons) 

Artificial Fibrosis. — The possibility of in- 
ducing pulmonary sclerosis with the use of 
difierent chemical substances was studied 
experimentally in dogs. Silver nitrate and 
torium bioxide are inadequate, because these 
substances are rapidly eliminated through the 
open bronchi. Various silicates mixed with 
collodion induce noteworthy sclerosis in the 
lungs of dogs. Best results, however, were 
obtained noth a mixture of animal coal, 
cheratin (5:1) and collodion. Tliis fluid 
mixture, introduced into the lung by means of 
a syringe, sohdifies readily, adheres to the 


tissues and remains there, almost unchanged 
indefinitely. Around this substance a pro- 
ductive inflammatory process sets in, rvithout 
secondary damage to lung tissue taldng place. 
— Sidla reazione del tessuto polmonare alia 
introduzione di sostanze estranee: Contributo 
sperimentale alio studio della chiusura arti- 
ficiale di residui cavitari con bronco aperto 
nelV aspirazionc cndocaviiaria, M. Mesiti & 
A, Baffoni, Ann. 1st. Carlo Forlanini, 1942, 
6: 417. — (G. Simmons) 

Artificial Occlusion of Bronchi. — Lipiodol 
studies on cavities treated according , to 
Monaldi’s method of endocavitary aspiration 
revealed that in the majority of cases a resid- 
ual cavity and open bronchi leading into the 
cavity persist after the treatment was dis- 
continued, because clinically and radio- 
logically the carity had disappeared. The 
persistence of these residual cavities and 
bronclii is held responsible for the many fail- 
ures to obtain permanent results with Mon- 
aldi’s method. It was therefore thought to 
introduce a substance into the residual cavity 
which would be able to occlude permanently 
bronchus and residual cavity. Several sub- 
stances (talcum, magnesium silicate etc.) 
were used unsuccessfully, but finally good 
results were obtained with a mixture of ani- 
mal coal, cheratin and collodion. Numer- 
ous complications were encountered in the 
course of such a procedure: Sometimes there 
is a general reaction, which, however, is of 
short duration. The substance may be 
coughed up and bronchial irritation charac- 
terized by increased cough and mucous spu- 
tum may persist for some time. The sub- 
stance may remain in the cavity and act like 
a foreign body, thus causing increased exuda- 
tion and a filUng-up of the cavity wlrich had 
been believed closed following endocavitary 
aspiration. A reflow of the substance tlrrough 
the tract previously occupied by the catheter 
may occur, followed by pain, inflammation 
and formation of a fistula. Despite these 
facts, good results were obtained in several 
cases, but no definite statement as to the 
permanency of such cavity closures is at- 
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tempted at the present time, becansc the 
period of observation (six montlis to one j’car) 
and the number of cases arc insufficient. In 
conclusion, it is fjclieved that tfic tlicorctical 
approach to tlic problem, consistinR in the 
nccc.‘=sitj' of occluding raridual cavities and the 
distal part of bronchi leading into such a 
cavity with a substance wliich rcm.'iins in 
situ permanently and causes a local sclerotic 
reaction, is correct, but that the substanec.s 
used so far arc not entirely satisfaclorj* for 
this purpose. — Tentathi di chiitsitra dci 
bronchi di drenaggio dcllc corerne ajipb'cali 
al metodo di aspirazionc cndocavitaria, 1’’. 
Monahli, Ami. 1st. Carlo forlanini, 10/, 2, 6: 
/jOS. — (G. Simmons) 

Artificial Occlusion of Bronchi. — Small 
residual caxntics and the bronchus leading 
thereto were occluded successfully in 2 pa- 
tients with a mixture of magnesium silicate 
and collodion, following hlonaldi’s inlra- 
cavitaiy aspiration. No favorable results 
were obtained in other patients, because the 
substance, introduced by means of a catheter 
through the thoracic wall, was coughed up. 
A mixture of magnesium silicate and alumi- 
num silicate (1:1) in collodion was subse- 
quently used for the same purpose in G5 eases, 
and good results were obtained in about 50 
per cent of the eases thus treated; 4 of them 
are described in the present paper. In the 
remaining cases different complications were 
encountered: filling-up of the carnty, which 
radiologically had appeared to be closed, with 
the substance introduced; acVmition of peri- 
cavitary nodular foci; secondary infection of 
the cavity; infection of the transthoracic 
tract wliich contained the catheter through 
which the intracavitary aspiration and in- 
troduction of the therapeutic mixture tvere 
practiced; pulmonary hemorrhages. ' None 
of the cases died, but the subsequent treat- 
ment, consisting in further intracavitary as- 
piration, was very long. In 60 other cases the 
closure of the residual cavity was attempted 
with the introduction of a mi.xture of animal 
coal, cheratin (5:1) in collodion. Although 
the occluding effect of this substance is in- 


ferior to that of the silicate mixture, the com- 
l)lic.'ition.s were fewer and a greater per- 
centage of favorable results was obtained. 
l)e.sl re.suUs were obtained in cases in which 
there were no jicricavitarj' tuberculous foci, 
the capacity of the residual c.anty was not 
greater than 1 to 3 cc., the walls of the cavity 
were clean and when there was only a mini- 
mal amount of drainage . — La chinsura arli- 
ftcialc dcllc vie hronchinli di drenaggio dcllc 
caverne ncll’aspirazionc cndocavitaria. — Prime 
applicazioni clinichc, ill. Mesili A A. Bajjoni, 
Ann. hi. Carlo Forlanini, 10/, 2, 6: /,S9 . — 
((?. Simmons) 

The Cavity Complex. — The authors have 
reviewed .3,000 cases of jiulmonary tubercu- 
losis; 71.93 per cent presented clinical and 
X-ray cridcncc of captation. The three 
factors which contribute to the caidtary 
complex arc the break in continuity of the 
]).arcnchymn, that is, the catdty itself, the 
condition of the surrounding parenchj'ma and 
the condition of the communicating bronchus. 
The size of the cavity during life often does 
not correspond to the real size found at au- 
topsy. This difference depends not only 
upon size and location of the cavity, but 
also upon elasticity, tension and movement 
of the surrounding parenchjTna. The sur- 
rounding lung tissue may be apparently 
healthy. In this case, the caxdty presents a 
punched-out picture. It may be exudative 
and form an early infiltration. In case of 
primary specific fibrosis or secondary non- 
specific sclerosis of the parenchyma, the X-ray 
film shows dense shadows surrounding the 
cavity. Pneumothorax will not reduce the 
size of the ca'vdty to a great extent. The 
cavities are rigid. Atelectasis or emphysema 
are consecutive to the condition of the 
bronchus. The communicating broncliial 
tract may be stenosed by scars, by ulcers or by 
vegetations. The stenosis from scars gen- 
erally does not produce complete obliteration 
of the bronchus, whereas ulcerations create a 
diminution of the broncliial lumen and sub- 
sequently an obliteration of the vahnilar 
type. The valvular mechanism may permit 
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the free passage of air during inspiration only, 
creating an intraalveolar hj'pertension in the 
pulmonary tissue which appears distended. 
The more the passage of air is obstructed dur- 
ing expiration, the greater the emphj^ema. 
The ca^^ty becomes distended and increases 
in size. The reverse mechanism results in 
atelectasis and a decrease of the size of the 
cavity. The authors emphasize the widest 
use of the bronchoscope. If in the absence 
of cUnical and X-raj"- findings tubercle bacilli 
are present in the sputum, bronchoscopy is 
alwa3^s indicated. Bronchial lesions respond 
only to local treatment. The indiscriminate 
institution of artificial pneumothorax^ in the 
case of bronchial tuberculosis is often detri- 
mental . — El complejo cavitario cn la tubercu- 
losis del piilmon, R. Bellesteros S. & J. Aedo 
Blasco, Rev. cubana de htberc., October-Decem- 
ber, 1944, 8: 559. — (IF. Swieniy) 

Intracavitary Pressures. — By photokymo- 
graphy the authors recorded simultaneous 
tracing of intracavitarj' pressures and the 
respiratorj’’ excursions of the thorax. Accord- 
ing to the pressures found, cavities were 
classified as normo-, hypo-, hyper- and inert, 
pressure catnties . — Las presionss intracavi- 
tarias en la fisiopatoloyid de las cavemas y su 
registro grdfico, 0. Vaccarezza & L. Berlin, 
An. Cdled. de pal. y din. iuberc., December, 
1943, S: S36.—{R. Kegel) 

Valvular Drainage of Insufflated Cavities. — 
A 19 year old male underwent a thoracoplasty 
with a view to collapsing a cavity of the right 
apex. Satisfactory results were not obtained. 
Later a cavemotomy was performed with the 
resultant cure of the patient. Aspiration 
alone of the cavities without thoracoplasty 
does not yield good results. It is advisable 
first to perform a thoracoplasty, followed by 
drainage of the cavity approximately twenty 
days later. Intermittent aspirations are per- 
formed in the days subsequent to the drain- 
age. A second thoracoplasty is performed in 
order to achieve complete collapse. Seven- 
teen cases have been thus treated by the 
author witli 55 per cent of permanent cure. 


one operative death, one death caused by 
acute edema of the lungs, 4 deaths due to the 
progress of the disease, and 3 patients are 
alive but still positive for tubercle bacilli. 
Eloesser’s technique is described. A modi- 
fication of this technique, devised by the 
author, consists in the approximation and 
suturing of the cut-surfaces of the skin. 
Eloesser’s operation alone should not give 
results, unless combined with thoracoplasty. 
— Drenagem valvular das cavemas pulmonares 
insufladas {operacao de Eloesser), A. Amorivi, 
Rev. brasil. de Iuberc., September-October, 
1944, 95: 259. — (P. B. Franca) 

Intracavitary Aspiration. — ^The following 
abstract is based on four different papers, 
which contain basically the same facts and the 
same material, but were published at differ- 
ent times in different journals. The papers 
used were: 

I: Versuche fiber den Verschluss der Drainag- 
ebronchien bei Anwendung des Verfahrens 
der Kavernensaugdrainage, V. Monaldi, 
Ztschr. f. Tuberk., 1942, 89: 105. 

2: Der gegenwartige Stand des ICavernen- 
saugdrainageverfahrens in der Behandlung 
der tuberkuloesen Lungenkavernen, V. Mon- 
aldi, Ergebn. d. inn. Med. u. Eanderh., 1942, 
62: 68. 

8: L’aspirazione endocavitaria nelle sue at- 
tuali direttive pratiche, V. Monaldi, Medi- 
cina e Biologia, 1942, 1: 253. 

4: Die I^avernensaugdrainage in ihren theo- 
retischen Grundlagen und in ihren klinischen 
Indikationen (Beobachtungen an 700 Fallen), 
V. Monaldi, Deutsche med. Wchnschr., 
1942, 11: 673. 

Extensive bibliography, up to and including 
1941, may be found in the papers mentioned 
under (2) and (3). Monaldi’s method of in- 
tracavitary aspiration in the treatment of 
certain forms of pulmonary tuberculosis has 
been generally accepted and the fear of opera- 
tive complications has proved to be un- 
founded. During the first 100 intracavitary 
aspirations Monaldi had one fatal pulmonary 
embolus during the insertion of the trocar, 
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and another one diu^ing the rdnsertion of a 
catheter wliich predousl 3 ’' had been expelled 
without the cadty hadng been complete!}' 
closed. Considering that the operation has 
been performed about 1,000 times and rein- 
sertion of a catheter has been done not less 
than 2,000 times, the two above cited cases 
and another one of transient embolus from 
which the patient recovered represent a 
negligible percentage of operative com- 
plications. Hemorrhages during the opera- 
tion are equally rare and if thej' do ocqur 
during the process of aspiration sometimes 
maj- be controlled bj' introduction of a tliin 
rubber balloon, mounted on the catheter, 
into the cadtj'. The balloon maj' be in- 
flated and thus local hemostasis maj' be pro- 
duced. Infection of the catheter-bed occurs 
onlj' rarelj* and can readilj’ be controlled bj' 
discontinuing the aspiration temporarilj'. 
Instead of using one of the recentlj' developed 
apparatus, the author prefers the old- 
fashioned sj'stem of two bottles partly filled 
with water to obtain the negative pressure 
desired and reserves the use of higher negative 
pressures, such as may be obtained with 
different apparatus, for the use on carities 
with rigid walls and those in winch it is diffi- 
cult to establish a negative int^aca^'itar 3 ’■ pres- 
sure on account of widelj' patent bronchi. 
Too liigh and too prolonged suction is said to 
distmh the biological equilibrium, thus facili- 
tating hemorrhages and exudative processes. 
Bj' using the two-bottle sj’stem, the pressure 
varies continuously with the changes in the 
water level. The catheter can be introduced 
even in small-sized ca^^ties with or without 
the aid of certain apparatus, such as those 
designed bj' hlorelli or Dom and Cadeddu. 
The author uses a trocar whose calibre cor- 
responds to a No. 9 Ndlaton catheter. It is 
admitted that cavities with initiallj’ and per- 
manentlj' occluded bronclii at the completion 
of the intracaritarj' aspir.ation are exceptions. 
As a rule, after the disappearance of the cav- 
ity following Alonaldi’s procedure, the bron- 
chus leading into the “occluded” carity re- 
mains open. To obtain a permanent closure 
of the communicating bronchus, e.xperiments 


with the introduction of different tamponad- 
ing and sclerotizing substances, injected into 
the residual cavity and the corresponding 
bronchus, have been cjirried on since 1941. 
It is generalty admitted that immedi.ate bene- 
ficial effects are obtainable with the Monaldi 
procedure, but the author maintains tliat 
permanent cures, too, maj' be obtained if the 
indications for this treatment are followed and 
if the treatment is (xirried out correctty. 
As (xuises for the reopening of cavities the 
following factom are considered; (I) The 
persistence of necrotic material in the c.atyty 
or the new formation of such material from 
small pericardtarj' foci which remained active. 
In tliis case the (xi^-ity walls touch each other, 
but permanent obliteration of the space does 
not occur. (2) Too earty discontinuation of 
the treatment. In this c.ase the walls touch 
each other but the time allowed for formation 
of scar tissue was not sufficient. (S) Persis- 
tence of a patent bronchus leading into the 
residual ca^^ty. The author claims, on tire 
basis of these considerations, that the majority 
of unsuccessful aspirations are due to faulty 
teclmique. The reduction of the volume of 
the caAoty is onty one factor in the process of 
healing, wliich in addition calls for: 1) clean- 
ing of the ca^dty walls; 2) closure of the drain- 
ing bronchus; 3) restitution of the anatomical 
and functional integrity of the pericavitarj' 
p.arench}Tna; 4) stability of the newty formed 
scar tissues. Even though the cardty re- 
opens, its further evolution is slowed down, 
the local and general condition of the patient 
is not compromised and the treatment can be 
resumed without difficulty. In conclusion 
and on the basis of Iris personal experience 
the author asserts that definite and per- 
manent healing of catyties with the intra- 
cavitary aspiration maj' occur. As far as the 
indications for the IMonaldi procedure are 
concerned, the problem of the origin of the 
catyty is considered. The method is contra- 
indicated in the so-called “biological ca^'ities” 
(fusion ca\'ities) in wlrich the loss of substance 
is great and the perica\'itarj' tissue is diseased. 
But it is indicated in those parities in whose 
formation mechanical factors, such as re- 
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traction of broken elastic fibres, were prevalent 
and which therefore are surrounded by atelec- 
tatic tissue. The author pleads for the aban- 
donment of the conception of rigid ca\'itics 
due to sclerotic phenomena and claims that 
the rigidity is only apparent and caused by 
the deposition of dense pathological mateilal 
on the c.a^■ity walls. Once this material is 
eliminated, the walls become elastic again 
and may be subject to concentric retraction. 
Intraca^■ita^y aspiration therefore may be 
done even on verj' old caAuties or those per- 
sistent after other collapse methods have 
failed. The method should not be used in 
partial or total fibrothoraces, however. Com- 
plete and persistent positive results were 
obtained also in cardties with a suiTOunding 
exudative process. Concomitant improve- 
ment of other homo- or contralateral lesions 
or concomitant diseases, such as diabetes, 
was obsen-ed, but not always. In brief here 
arc the indications for the hlonaldi procedure: 
(1) isolated cavities, surrounded by healthy 
lung tissue; (2) stationary ca\'ities \rith in- 
active disease in the surrounding tissues; (S) 
pluric.a^^taTy lesions, as long as they fit into 
one of the above mentioned categories. In 
the presence of several ca-sities, the Monaldi 
procedure may be used in the follovdng con- 
ditions: (I) isolated and separate bilateral 
ca%'ities; (2) multiple ca^dties in the same lung, 
separate and distant from each other; (3) 
two ca^dties close together, of which at least 
one must be small and surrounded by con- 
siderable amount of healthy lung tissue; 
(4) communicating cavities. In the case 
listed under (4) the aspiration of one may close 
both cavities. In the case listed under (3) 
the same result may be obtained by applying 
suction to the superior cavity. In all other 
cases multiple aspirations are necessary. 
The author does not give any statistical 
material, but refers to “150 cases wliich had 
pulmonary tuberculosis for from three to 
fifteen years and which are cured or are near 
to being cured.” Case histories and X-ray 
films of 31 patients vdth excellent results are 
reported. To obtain permanent closure of 
the draining bronchus after the completion 


of the intracavitary aspiration the author 
injects, after %dsualization of the residual 
ca\dty and the bronchus, a mixture of char- 
coal and cheratin (5:1), dissolved in collo- 
dion, into the residual cavity. The catheter 
is removed after an hour. This method was 
introduced in 1941 after experiments on dogs, 
sacrificed at intervals varying from a few 
hours to six months after such a treatment had 
proved that the substance injected becomes 
tliick, adherent to the tissues and finally sur- 
rounded bj' fibrous tissue. Complications 
are encountered occasionally (coughing-up 
of substance injected, elimination through 
the catheter sinus, reopening of the cavity, 
exudative reaction etc.) but as a whole the 
results are considered to be very satisfactory, 
although, again, no statistical material is 
given. X-ray films of 5 cases in whom oc- 
clusion of the bronchus was artificially pro- 
duced are reproduced in the paper listed 
under (1). The operative and postoperative 
technique is given in detail in the paper listed 
under (2). — (G. Simmons) 

Pulmonary Hemorrhages during Intra- 
cavitary A splration. — Pulmonary hemorrhages, 
including strealdng, occur not infre- 
quently in the course of intracavitary aspira- 
tion. They were studied in 700 cases in 
wliich Monalcli’s treatment was applied. In 
cases in which the bleeding was due exclusively 
to the therapeutic procedure, the following 
causes were most frequently found: (I) 
operative trauma and consequent injury to 
vessels of the lung or the thoracic wall; (2) 
too great negative pressm-e applied to the 
cavity; (3) temporary occlusion of the bron- 
chus leading into the cavity due to the pa- 
tient’s position with consequently rising nega- 
tive intracavitary pressure; (4) the catheter 
being in contact with the cavutary wall 
causes a local inflammation vuth new forma- 
tion of vessels and their subsequent rupture. 
The treatment of these hemorrhages is sub- ' 
ordinate to the cause and consists essentially 
in a temporary suspension of the intracavitary 
aspiration, the adjustment of the position of 
the tip of the catheter etc. In some cases. 
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cr-innh. JT. d.reerti d- C.h'odf. Arn. 
Car'o Fc-.hnrhf, IP1£\ 6: -51-5. — (G. Si'~.r::'-s) 

Reopening o: Catities after Intracavitary 
Asrimticn. — ^5:: 


nos me reopemnn c: cavcices 

t:cn and the rsdiolc'gitsl disappearance of the 
ca'.dty is a coninron experience, apparently 
closed cavities vrere Sled with lipiodcl and the 
dntining bronchus could be invnnably dencon- 
strated. It is clear, therefore, tlcat the re- 
sistance ciicred by the bronin is much 
greater than that of the cavity in itself. It is 
believed that the nenative pressure u-=od dur- 
ing the intracavitary aspiration is not sufh- 
cien: to cans-e ooll.apse of the bronchial walls. 
Furthermore, durinu those periods of intra- 
cavitarv- aspiration during which suction is not 
applied (at right, at mealtime etc.) the arti- 
ficially created negative pressure in the 
cavit}' causes an indux of air through the 
p.irtial;y colhpscd brcn.chus and restituticr. 
of the oricirnl sire of the cavitv. Since at- 
tempt- of occluiinu the bronchus leadinu 
iti***^ twi? c.ri'»”iTv Viv of iritrc«d-ct!c't^ of 

1, c!*?“tror'?3cul.'it3cn ctn, vdcro t:c* mr- 

cf iLo into tf.o cr*v- 

tivc n*^.zthtivc t'-rc^-^irc'-f 

r.' lie mm. 2^r* 

^ T'* t'-'***- ^ m nn * 

Tr i xl'f 

- .*— ■ • • 

* { T**.^*- 


2 • r * ** 


PnemnonKtomy for Primary TchErtnlcns 
Pneumonia . — A o t year old bey was referred 
t-o surgery with the diagnosis c: gannrene cf 
vHo nent fiznm XHirmc cty*'*sT‘“‘n 
of TTcTo '* 0 '*'^’^ 

csz^ronoii? tu^rwilcc? cst^tv 

iished and later nrovc'd bv bacterieleheal 
stneues. A sereat nart of the lunu was re- 
m-Dve-d. The patient was cure*d and has 

tabrcai.v.'^j rrfwu-fa oass.-aemorffra pra- 
crearr'r. nu.'-acae.afr-afr a crufenb enm, A. 
A-ar-ra, 'R-~ c-zr". c- faferr.. .ra:;-Aarurf. 

IPII, P/: :p:.—(P. B. Frzrzz'i 

Tecinicne c: lobectomy. — Sarata states 
that hfs e.vr>5rfence has shown him tlist the 
site cf the incisfen for the cxtfrratien of the 
different lobes must net ordv follow anatcmiml 
reasens b^'t d^r^ends also on th^ nature of the 
underlmng p-atholegical process. Loberto- 
mfes for cancer in which there are no or few 
adhesi "’ns should be mrided b-v snatcm'cal 
rccse-ns. the pulmomiry or lobar pchcle 
dereumining the inmsion. In case of p'ul- 
monary suppuration with frequent adhesions, 
the incision shcnld be made where the ad- 
hesfons can most easily be frc-ci. .Always, the 
lobe has to be tre-ei nmt, .After that the 
p-almormr].- vdn or its r.mrincatiers’ a-w I;~.t?-i 
and cut. Xc.vt comes the artcrv and last the 
bronebn?. if no mr^rc* btcozinz frem 

adi’.csfcns when thev arc fre-ed before cr after 
the vessels have been tied. For the l-^ft 
iiT>txr Ir’iv'yrtomv tiic* r»nt'Cro*m'‘^i— *"^"''0- 
tiir.is C'f th-e fifth rib an.- resected an i tr.o 
fourtii rfb cut nmr tbo ct- 

tremity cf the ir.risfrn. T.he p*'-’-;-' ht.v c: .a 
spr-.-h".! vein for the hr.cuh: he-? to la- Ir-pt in 
mind. .After diwidinn. ti.e ; ronchu* 1‘ c'. ' od 
it'"’""' ' *T Td.o t'ron“mai etutr.t? t*’ 

♦ 5i\'tb ri*> i* m ettr.^'r t"*.'!*.!*' c’T iti 
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anterior two-tWrds of the fifth rib; and for the 
inferior right lobectomy, the sixth rib entirely 
or its posterior two-thirds. In this case the 
author uses the lateral portion of the middle 
lobe to cover the broncliial stump. Before 
closure of the thorax the remaining lobes 
are inflated by the anesthetist. Failure to 
distend fully and freely is considered as proof 
of injury. The noninflated segments should 
be resected at once. — Tecnica dc las lobec- 
tomias pulmonaras, R. Barala R., Rev. cubana 
de tuberc., Oclober-December, 1944, S; 637 . — 
(IF. Sivicniy) 

Rapid Growth of Mycobacteria. — Rapid 
and submerged growth was produced by five 
strains of saprophjdic mycobacteria, five 
virulent avian strains, one bordne strain 
(Ravenel) and two human strains (H37RV 
and Jamaica No. 22) on Long’s medium to 
which was added (a) phosphatide fractions 
prepared from egg yolk, cattle brain, human 
erjdlnocytes and soya bean, (b) synthetic 
non-ionic 'surface active agents consisting of 
esters of long chain fatty acids and of poly- 
hydric alcohols. Addition of 0.1 cc. of culture 
to 10 cc. of new medium was sufficient to 
secure grondh of the saprophjdic and avian 
strains within twenty-four hours and of the 
bo\'ine and human strains witliin seventy- 
, two hours. Addition of purified serum albu- 
min (0.1 per cent or less) further enhanced 
the grondh. The cultures so obtained w'ere 
typical in morphology and staining charac- 
teristics and grew slowly again and on the 
surface when returned to Long’s medium. — 
Rapid and Submerged Growth of Mycobacteria 
in Liquid Media, R. J. Dubos, Proc. Soc. 
Exper. Biol. & Med., April, 194-5, 58: 361 . — 
{F. B. Seibert) 

Hamster versus Guinea Pig for Tubercu- 
losis Diagnosis. — To find a test animal for 
the presence of tubercle bacilli which would 
be more economical than the guinea pig would 
be of definite value. It has been suggested 
that the hamster, a small Asiatic rodent, 
might replace the guinea pig for biological 


tuberculosis tests because of its low cost and 
maintenance, its smallness (economy of space), 
short gestation period (sixteen days with 
litters of 6 to 10), and its susceptibility to 
inoculation tuberculosis. The earliest report 
on the use of hamsters in the diagnosis of 
tuberculosis appears to be that by Korns and 
Lu from Peldng Union Medical College in 
1927. They found them cheap and quite 
sensitive to injection tuberculosis, although 
the lesions were smaller than in the guinea 
pig and there was less caseation. On the 
other hand, tubercle bacilli are usually found 
in abundance in the lesions, an advantage over 
the guinea pig where they are sometimes 
difficult to find. These authors made no 
comparison of the hamster’s susceptibility 
to tuberculosis with that of the guinea pig, 
so doses were not standardized. Neverthe- 
less, they concluded that the hamster was a 
practical substitute for the guinea pig. Two 
other investigators also reported that the 
hamster w'as suitable for the diagnosis of 
tuberculosis, but rather large doses of or- 
ganisms were used in their e.xperiments. 
Since afi available data contain no accurate 
information as to the actual susceptibility of 
the hamster as compared nfith the guinea pig, 
the present authors decided to determine this 
by quantitative experiments. There seem 
to be two hamsters extant, namely the 
Syrian or golden hamster and the striped 
hamster. These resemble each other very 
closely. The former was used. Three human 
and two bovine strains of virulent tubercle 
bacilli were employed. Hamsters and guinea 
pigs in turn were injected subcutaneously 
each ndth 1.0 mg. or 0.001 or 0.000,001 mg. 
of the different strains of bacilli. The guinea 
pigs were found to be definitely more sus- 
ceptible to tuberculosis than the hamsters 
for all showed involvement, even after the 
smallest dose, whereas it nearly always took 
the largest dose to produce any involvement 
in the hamsters. One of the bovine strains 
however, a eugenic strain (the other was 
dysgonic), did produce some tuberculosis 
with the smallest dose in the hamsters, but 
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tlie involvement was not quite as great as in 
the guinea pigs. It is evident that the guinea 
pig, relatively speaking, is far more sus- 
ceptible to ^^rulcnt human tubercle bacilli 
injected subcutaneously than is the hamster. 
For this reason the guinea pig is the animal of 
choice for the clinical diagnosis of tubercu- 
losis. The superiority of the guinc.a pig over 
the hamster in this wise is not as great when 
bo\dne tuberculosis is being considered. The 
article ends with a plea for the use of cultural 
methods for detecting bacilli instead of by in- 
jection although no definite data arc pre- 
sented illustrating the advantages of the 
former. (Illustrated.) — The Biological Diag- 
nosis of Tnhcrcitlosis: Qiiantilalivc Animal 
Evaluation Tests on the Syrian Hamster and 
^ the Guinea Pig, H. J. Corjicr tO M. L. Cohn, 
A7n. J. Clin. Path., November, 19/Ni, 14: 
o71.~{J. S. Woolley) 

Gastric Examinations. — ^Tho author em- 
phasizes the importance of the examination 
of gastric washings for the etiological diag- 
nosis of pulmonary tuberculosis. He refers 
to the difficulties of obtaining sputum in 
children and adults who do not expectorate. 
He mentions the fact that in some countries 
the material obtained from the bronchial tree 
by bronchoscopy is e.xamined instead of the 
gastric wasliings. The question whether the 
bacilli found in the gastric wasliings are of 
pulmonary origin and whether they originate 
from active lesions is discussed. The author 
states that in the great majority of cases the 
bacilli found in the gastric washings are of 
pulmonary origin and come from active le- 
sions. The concepts of “open and closed” 
pulmonary tuberculosis, "normal carriers” 
of tuberculous bacilli are to-day considered 
obsolete. Under the medico-social point of 
view the examination of the gastric washings 
is as important as roentgenological examina- 
tion. The author describes in detail the 
technique he uses for the examination of the 
gastric wasliings. This includes the culture 
in Loewenstein asparagine medium and 
guinea pig inoculation. — 0 lavado gastrico e 
sua importancia medico-social, II. E. Jouval, 


Rev. hrasil de Inhere., May-June, 19/i4, 93: 
155. — (P. B. Franca) 

Diagnostic Pulmonary Lavage. — ^The search 
for tubercle b.acilli in the bronchial lavage was 
tried in tuberculous patients who could not 
raise sputum. After applying local anes- 
thesia to the pharynx and trachea, 20 to 40 
cc. of saline solution were instilled in the 
bronchial tree, and the material thus coughed 
out was collected. Nineteen positive cases, 
by smear, culture, or guinea pig inoculation, 
were found in SO completely investigated 
cases. These patients either produced no 
sputum, or the sjiutum examination had been 
negative. A comparative study between the 
results of the examination of the pulmonary 
lavage and' the gastric lavage was made in 12 
patients, both tests being made the same day. 
Whereas no jmsitive case was found in gastric 
lavage examinations, tubercle bacilli were 
found in 5 cases in pulmonary lavage exami- 
nations. — Primeiros rcsidtados do lavado pul- 
monar no diagnostico bacteriologico da luber- 
cidosc, M. Abreu, Ap. respir. y tuberc. (.Chile), 
January-March, 1945, 10: 5 . — (//. Behni) 

Diagnostic Pulmonary Lavage. — The in- 
tercrico-thyroid puncture for pulmonary lav- 
age has been abandoned. The author de- 
vised a new transglottic method. The mnila, 
pharynx, larjmx and trachea are anesthetized 
with 0.5 per cent novotutocaine solution; 
20 to 40 cc. of physiological saline solution- 
are then introduced during inspiration. 
Cough is provoked and the secretion is col- 
lected for examination. To reach all parts of 
the lung the patient is instructed to move 
liis chest in all directions. Tliis method of 
pulmonary lavage has been used in all cases 
of suspected pulmonary tuberculosis without 
cough or expectoration and in winch sputum 
and gastric contents are negative for tubercle 
bacilli. One hundred and seventy lavages 
were done. The method is well tolerated, 
even in patients with hypertension. No 
case of dissemination of the disease has been 
observed. Tins is due to the fact that hema- 
togenous and bronchogenic spreads depend 
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upon the same immunological and biological 
factors which are responsible for clinical 
progression. In 3 cases with chronic bron- 
chitis slight elevation of temperature for one 
day was observed. In 80 lavages enough 
material was obtained for culture and animal 
inoculation. Of these, 19 were found to be 
positive. In all 19, previous sputum and 
gastric examinations had always been nega- 
tive. Direct microscopic examination of the 
specimen was positive in only 3 cases, whereas 
the culture was positive in 12 and animal in- 
oculation in the remaining 4. Lately the 
author has not used more than 10 cc. of saline 
solution. Sometimes even the 4 cc. of novo- 
tutocaine are enough to produce sufficient 
secretion. An average of 10 lavages a day 
are now done in the two main hospitals of 
Eio de Janeiro, Brazil. — El lavado pidmonar 
en el diagnostico bacleriologico de la tubercu- 
losis, M. D. Abreu, Prensa mid. argent., 
March 9, 1945, 32: 405. — {W. Surienty) 

Detection of Tubercle Bacilli in Urine. — 
The author examined 443 twenty-four-hour 
urine specimens which were preserved by 
addition of 1.5 ml. one per cent acriflavine 
(3,6 diamino, 10 methyl acridine chloride) 
and 40 ihl. Mcllvaine’s buffer solution pH 
4.0. The urine was precipitated by addition 
of 5 ml. 5 per cent tannic acid, refrigerated 
overnight and then centrifuged. The pre- 
cipitate was digested at 37°C. for twenty to 
thirty minutes with 3 per cent sodium hydrox- 
ide, washed with physiological saline. Smears 
were made and Petragnani’s medium inocu- 
lated and incubated at 37°C. Colonies of M. 
tuberadosis appear after two weeks and 
ndtliin four weeks. Acid-fast bacilli were 
found in 10.8 per cent of the smears wliile 
16.0 per cent of the cultures were positive for 
M. tubercndosis; however, 6 of the positive 
’cultures originated vuth concentrates found 
negative by smear. Tlie author reports tliat 
the collection of urine in the acriflawne-buffer 
solution inliibits the growth of other bacteria 
frequently present in specimens from cases of 
renal tuberculosis. The concentration of 
acrifla^^ne used exerts no effect on M. tuber- 


culosis. — Routine Examination of Urine for 
Mycobacterium Tuberculosis, H. J. Peppier & 
J. T. Hill, Brit. J. Exper. Path., December, 
1944, 25: 193. — {H. J. Henderson) 

Tubercle Bacilli in Pleural Fluid. — Great 
divergence exists in the literature as to the 
frequency of tubercle bacilli in pleural fluids 
(Frederiksen, 1934, 5 per cent; Naito, 1938, 
82 per cent). Using different culture media 
the pleural fluid of 63 patients with primary 
pleurisy with effusion was examined and 
positive bacteriological results were obtained 
in 58, 33 per cent. Noteworthy is the fact 
that the fluid of several patients in whom the 
effusion was ob\dously due to tuberculosis 
and who died of this disease shoill}’’ after- 
wards was negative for tubercle bacilli. — 
Presenza del bacillo di Koch nelVessudato 
delle pleuriti siero-fibrinose cosidette primitive, 
G. Daddi & G. Spina, Ann. 1st. Carlo For- 
lanini, 1942, 6: 196. — (G. Simmons) 

Tubercle Bacilli in Milk. — Tuberculin tests 
were made on 322 cows in Buenos Aires. 
These tests showed a percentage of tuber- 
culous infection as high ns 30.7 per cent. 
Tubercle bacilli were investigated through 
smears and guinea pig inoculations in 94 
samples taken from the allergic cows showing 
no symptoms of tuberculous mastitis. No 
tubercle bacilli were found in any of the 
samples. This investigation, nevertheless, 
cannot be considered as final, in view of the 
fact that the bacteriological research was not 
complete, and only one guinea pig inoculation 
was made in each case. The negative results 
seem to be particularly influenced by the 

absence of tuberculous mastitis. Special 

emphasis was placed on the danger of such 
wide-spread tuberculous infection among 

cows, which brings forth the possibilitj^ that 
at any moment a tuberculous mastitis could 
break out, thus contaminating the milk. — 
Invcstigacidn del bacilo de Koch en la kcha 
de vacas hibcrctdino-posiiivas, A. R. Arena 

'& R. Cucchiani, An. Cdlcd. de pat. y din, 
tuberc., June, 1944, 5: 6S. — {H. Bchm) ' 

Rapid Staining of Acid-fast Bacilli. — Rapid 
routine staiiung of acid-fast organisms with 
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carbolfuchsin usually employs heat to produce 
more rapid penetration of the stain. Re- 
cently Tergitol No. 7, a detergent or wetting 
agent, was^ used as a substitute for heat and 
found that staining occurs more rapidly than 
with heat. One drop of Tergitol is added to 
30 to 40 cc. of Ednyoim’s carbolfuchsin prior 
to use. Smears are stained for one minute 
and sections of tissue for five minutes followed 
by decolorization with acid alcohol and coun- 
terstaining as usual. The shorter time re- 
quired for staining and the ease vdth which 
the procedure can be employed constitute im- 
provements in technique which make the 
methods particularly applicable to routine 
use. Equal or better results are obtained 
with these procedures than with the older 
methods, and none of the required specificity 
for acid-fast organisms is lost. — A Rapid 
Staining Technique for Add-fast Organisms, 
H. E. Mueller & R. L. Chernwck, J. Lab. 
& Clin. Med., February, 1945, 30: 169 . — 
(F. G. Petrik) 

Demonstration of Tubercle Bacilli in Spu- 
tum. — A comparative study was made of 
four methods used to prepare sputa for the 
identification of tubercle bacilli. The 
methods chosen were (i) direct smear, {2) 
autoclave (heat coagulation) and concentra- 
tion, (S) sodium hydroxide digestion and 
concentration, and (4) clorox digestion and 
concentration. The results show that the 
clorox digestion method is the most efficient. 
With it, the greatest percentage of positive 
specimens was obtained and there was a 
greater concentration of organisms per micro- 
scopic field. Because of this greater concen- 
tration fewer fields had to be examined to 
find acid-fast bacilli. — Comparison of Methods 
Adaptable to Production Line Examination 
of Sputum for Tubercle Bacilli, G. M. Cameron 
& R. Castles, J. Lab. & Clin. Med., February, 
1945, 30: 163.— {F. G. Petrik) 

Alveolar Cells of Lung. — The nature of the 
cells lining the air sacs, the subject of many 
investigations in the past (\fillemin, Zenker, 
Kolliker, Addison), has been revived in 


recent years by investigators who used modem 
histo-phj'^siological methods. Opinion is di- 
vided between those who state that the pul- 
monary alveoli are lined by a continuous layer 
of epithelial (ectodermal) cells and those who 
found that the walls of the' alveoli are -^ur- 
tually "nude” and that cells found scattered 
along the septa are mesodermal. Porto’s 
study is concerned with the structure of the 
lower respiratory portion of the lung, par- 
ticularly with the cells lining the w'alls of the 
air vesicles. The experiments w'ere conducted 
on dogs, cats, rabbits and rats who received 
tr5q)an blue via the trachea. E.xperimental 
procedures as w’ell as methods used in the 
study of the material are given in some 
detail. The conclusion was reached that 
morphologically, by their disposition and 
functions, the cells of the septa are of meso- 
dermal origin and that they are a part of the 
macrophage (reticulo-endothelial) system of 
Metchnikoff. Porto failed to find so-called 
anucleated plates along the septa, but he 
disclosed the presence of interalveolar com- 
munications (pores of Kohn) wdfich, in lus 
view, is another evidence against the epithelial 
nature of the cells "lining” the pulmonary 
septa. — The Nature of the Alveolar Cells of 
the Lungs, J. Porto, Publicadones del centra 
de investigationes tisiologicas, Buenos^ Aires, 
vol. 7, p. 349. — (J?. M. Fried) 

Erythrocyte Sedimentation Rate. — ^The only 
safe and sound solution of the problem of 
"correction” of values for the sedimentation 
rate is to discard all correction charts and to 
evaluate the observed sedimentation rate by 
comparison with the clinical picture, since 
one knows from a large body of statistics how 
the sedimentation rate is usually affected in 
different diseases. Recording of degrees of 
sedimentation at frequent intervals is only 
time-consuming and gives no more informa- 
tion than a reading at the end of one hour. 
Determinations of the sedimentation rate 
need no longer be omitted if venipuncture is 
not practicable, since a pipet can be made 
which is suitable for both venous and capillary 
blood. A long pipet is far preferable to a short 
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one. Normal and pathological values of the 
se(hmentation rate are practically the same 
■whether obtained 'with the Westergren pipet, 
■which is 2.5 mm. in diameter, or "svith a long 
pipet 1.2 mm. in diameter which permits 
the use of either venous or capillary blood. 
Thus one may profit from statistics compiled 
from millions of readings made mth the 
Westergren pipet. (Author’s Summary.) — 
Determination of Sedimentation Rate of Red 
Blood Cells: Use of So-Called Correction 
Charts and Optimum Length and Diameter 
of the Pipet, J. T. Peters, Arch. Int. Med., 
February, 194S, 75: 10S.—(,0. C. Leiner) 

Endobronchial Tuberculosis. — Endobron- 
chial tuberculosis complicates the treatment of 
pulmonary tuberculosis and increases the 
gravity of the prognosis. It may occur at 
any stage of parenchymal disease. There is 
a fairly high incidence in minimal cases. 
Failure to apply present knowledge results 
in a high incidence of complications in col- 
lapse procedures applied to patients ■with 
tuberculous bronchitis. These are then con- 
sidered therapeutic failures with persistent 
positive sputum, uncontrolled symptoms, 
empyema, unexpandable lung, atelectasis 
and anaerobic infection. Endobronchial tu- 
berculosis has been found in 10 to 15 per cent 
of patients at the time of sanatorium admis- 
sion. An incidence of 30 to 60 per cent is 
reached in those 'svith symptoms or signs. 
There is a preponderance of females, 75 to 
85 per cent in the literature, and 72 per cent 
in the series reported by Wilson. Twelve 
per cent of the children admitted to Maybury 
Sanatorium present the clinical picture of 
"epituberculosis” at some time or other; 
75 per cent of these give bronchoscopic evd- 
dence of endobronchial tuberculosis or bron- 
chial occlusion due to involvement of lymph 
nodes. Forty per cent of tuberculosis autop- 
sies reveal endobronchial tuberculosis. The 
earliest lesion seen bronchoscopically as well 
as pathologically is submucosal, representing 
an extension to the main bronchus from a 
bronchial drasion. The posterior half of the 
bronchus is more frequently involved than 


is the anterior half. Later, hyperplastic 
changes ■with ulceration are seen. Healing 
by fibrosis may occur at any stage and may 
produce stenosis. Stenosis is most likely 
to occur in areas involved by extensive ulcera- 
tion or by hyperplastic changes. In 36 con- 
secutive cases of stenosis there were 20, or 
55.5 per cent, invol-ving the left main bron- 
chus and 11, or 35.5 per cent, invol'ving the 
orifice of the right upper lobe. The explana- 
tion for this predilection is unkno^wn but may 
be concerned "with Ijmphatic drainage in the 
bronchial wall. Clinical indications for bron- 
choscopy consist in unilateral wheeze, posi- 
tive sputum without e^vidence of parenchymal 
source, severe symptoms without evident 
parenchymal source, intermittent retention 
of secretions or prolonged fever following 
thoracoplasty are indications for bronchos- 
copy, Roentgenologically, mediastinal shift 
■with or ■without elevation of the diaphragm, 
“hilar flare,” opaque lesions appearing sud- 
denly follo^wing institution of collapse therapy, 
basal tuberculosis, certain types of ca^vity 
(thin-walled, those containing fluid levels, 
those that fluctuate in size), wide-spread 
parenchymal disease ■without e^vident paren- 
chymal source, and obstructive emphysema 
are indications for bronchoscopy. The fol- 
lowing contraindications to bronchoscopy are 
listed; terminal tuberculosis, pulmonary 
hemorrhage, acute respiratory infection and 
acute tuberculous laryngitis. Bronchoscopic 
technique is stressed as of the utmost im- 
portance. Three grains sodium pentobar- 
bital and I grain morphine are given in 
preparation together with local anesthesia 
consisting of 10 per cent cocaine hydrochloride 
to the posterior pharynx and 2 per cent to the 
trachea and bronchi. The bronchoscope 
should be passed slowly and kept proximal to 
the lesions. Granulation tissue or ulcerated 
areas should receive applications of 30 per 
cent silver nitrate. The bronchoscope should 
be ■adthdrawn slowly with aspiration of secre- 
tions accumulating around the tube. After 
,bronchosopy, to avoid spread, the patient 
should lie on the affected side for three hours 
since the cough reflex has been abolished. 
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Hesults obtained bj’' therapy depend on (1) 
the t 3 'pe of endobronchial lesion, the sub- 
mucosal lesion ha^^ng better prognosis than 
have the others, (2) the interval between 
treatments (a two to three week interval 
should be maximal or granulation tissue 
grows up causing stagnation of secretions 
and increased inflammatory reactions), (S) 
the general therapj' being administered, (4) 
the duration of bronchial disease, and (5) 
the control obtained of parenchj'mal lesions. 
The author ad^^ses that no attempt be made 
to dilate fibrotic stenosis. Instead he sug- 
gests thoracoplasty or pneumonectomJ^ He 
advises against biopsj' because of the possibil- 
ity of initiating ulceration. He ad\ases 
treatment with silver nitrate evei-y two weeks 
until healing ensues, following which intervals 
between applications should be gradually 
lengthened. If no response is obtained over 
a reasonable time pulmonary resection is 
advised . — Bronchoscopic Observations in Tu- 
berculous Tracheobronchitis — Clinical and 
Pathological Correlations, N. J. Wilson, Dis. 
of Chest, January-February, 1945, 11: 86. 
— (K. R. Boucot) 

Tuberculous Bronchopathy. — A case of 
residual tuberculous broncliiectasis is de- 
scribed. The' etiological factors for residual 
tuberculous bronchiectasis are; constitutional 
debility of the wall of the bronchus, altered 
tension caused by the infection and the reten- 
tion of the secretion, peribroncliitis, tuber- 
culous lesion of the bronchial wall, artificial 


collapse and pleural effusion which during 
reabsorption causes a lowering of the intra- 
thoracic pressure. In a second case, a bron- 
chial obstruction was found in a woman of 33 
j'cars of age who had had asthma since she 
was two 3 'cars old which disappeared after 
puberty and reappeared with her first preg- 
nanc 3 '. She had been exposed during her 
infancy to direct tuberculous contact. It is 
thought that the reappearance of the asthma 
during pregnancy is due to the reactivation 
of' the childhood lesions. At this time the 
clinical s 3 'mptoms of bronchial obstruction 
started. The pathogenesis is explained as 
follows; pregnanc 3 ' and cliildbearing as aner- 
gic causes; exogenous reinfection; aspiration; 
lysis and absorption of the bacilli by the 
lymphatics; endogenous reinfection and soft- 
ening of the tubercle. Bronchoscopy was 
negative for tuberculous lesions but the 
sputum was highly positive. Repeated X-ray 
studies gave the picture of a slowly progressing 
atelectasis of the left lower lobe. A lii»odol 
study showed almost cotaplete obstruction 
of the secondar 3 ' and tertiary bronclii. This 
case is considered as a proliferative tubercu- 
lous bronchitis with localization in the finer 
bronclii of the left inferior lobe. Incidentally, 
it was found that the patient had narrowed 
bronchi of the right lower lobe, probably as a 
sequela of congenital S 37 )liilis which may 
have been the predisposing cause, for the 
subsequent tuberculous localization. — Bron- 
copatias cronicas tubercidosas, H. G. Machado 
& A. C. Mendez, Rev. cubana de tuherc., 
Jnly-September, 1944, S: 456. — (TF. Swienty) 
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Bronchoscopy. — Originally, the broncho- 
scope was dewsed for the removal of foreign 
bodies; to-da^', bronchoscopj' is an important 
supplemental method in the diagnosis and 
treatment of bronchopulmonary diseases. Its 
i chief indications are hemoptj^is, thoracic 
tumors, lung abscess, asthma, tuberculosis, 
\ bronchial obstruction and broncliiectasis. 
In certain conditions (Iwart disease, aortic 
aneurysm, pulmonarj' embolism, emphysema, 
bronchopneumonia, inflammatory lesions of 
the larynx, etc.) bronchoscopy is contraindi- 
cated or else not sufficiently informative. 
In 106 cases of hemoptysis in which X-ray 
e.xamination was negative, bronchoscopy re- 
vealed the cause of the bleeding; in 34 addi- 
tional cases bronchoscopy, too, was negative. 
The diagnosis of thoracic neoplasms has been 
greatly furthered by the use of bronchoscopy. 
Unfortunately, the suspicion of malignancy 
frequently arises too late for surgical treat- 
ment; hemoptysis is usually a late s3Tnptom. 
In 75 per cent of all tumor cases bronchoscopy 
leads to the correct diagnosis and it makes 
the differentiation and removal of benign 
tumors possible. In lung abscess, drainage 
can be promoted and the extent of the abscess 
determined by bronchoscopy. Many cases 
of lung abscess could be prevented if patients 
who vomited during an operation were im- 
mediately bronchoscoped. In some instances, 
bronchial asthma refractory to medication 
may be benefited by the removal of tenacious 
secretions. Preoperative bronchoscopy is in- 
dicated in pulmonary tuberculosis in order to 
exclude tracheobronchial lesions. Following 
surgical treatment, the bronchoscopist may 
be able to find'the cause of persistent positive 


sputum. Broncliial obstruction of whatever 
cause calls for bronchoscopy, both as a diag- 
nostic and as a therapeutic procedure. — 
The Diagnostic and Therapeutic Possibilities 
of Bronchoscopy, G. J. Taquino, New Orleans 
M. & S. J., January, 194-5, 97: 291. — (P. 
Lowy) 

Treatment of Tuberculous Bronchitis. — 
Local treatment with a 10 to 15 per cent solu- 
tion of silver nitrate is advocated for non- 
stenotic tuberculous broncliial lesions occurring 
in the course of pulmonary tuber- 
culosis. For disease refractory to broncho- 
scopic treatments or in stenotic bronchial 
lesions, collapse therapy is advised, thora- 
coplasty if the condition of the patient per- 
mits, pneumothorax being the second choice. 
Phrenic nerve operations are contraindicated. 
Wlien the bronchus to the middle or lower 
lobe is involved, lobectomy may be con- 
sidered in place of thoracoplasty. Occasion- 
ally cavitary drainage may be attempted. — 
El iratamiento de la tuberculosis pulmonar con 
bronquiiis tuberculosa asodada, R. Vacca- 
rezza & A. Bence, An. Cdted. de pat. y clin. 
tuberc., December, 1943, 5: 263. — (R. Kegel) 

Tuberculous Empyema. — Among 4,527 pa- 
tients with pulmonary tuberculosis treated in 
the Buenos Aires tuberculosis services be- 
tween 1938 and 1943 there were 53 cases of 
tuberculous empyema, an incidence of 1.1 
per cent. Of these 53 cases, 11 occurred 
spontaneously during the course of pulmonary 
tuberculosis, 42 arose during a therapeutic 
pneumothorax and 6 followed pneumonol- 
ysis. The incidence of empyema in 1,332 
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patients with pneumothorax was 3.1 per cent 
and in 513 with pneumonolysis 1.1 per cent. 
Broncopleural fistula was found in 68 per 
cent of the patients with empyema. Three 
clinical forms of empyema are recognizable, 
the simple, the toxemic and the malign. The 
last two are subdhdded into pure and mixed 
infections. The kind of treatment depends 
upon several factors: the empyema itself, the 
status of contralateral or homolateral pul- 
monary lesions and the general condition of 
the patient. Medical treatment, aspirations 
and lavage, is tried first with thoracotomy 
and thoracoplasty in reseiam. Of 39 patients 
treated, favorable results were obtained in 
11 (28 per cent). There were 5 cures, 3 by 
thoracoplasty and one each by aspiration and 
by lavage. Seven patients were unimproved 
and 21 (54 per cent) died . — Empiema pleural 
tiiberculoso, J. Peroncini, R. Cucchiani & 
J. Niemetz, An. Cdlcd. dc pat. y din. tuberc., 
December, 194S, S: 298. — {R. Kegel) 

Surgery of Tuberculous Empyema. — Since 
9 of 10 patients udth tuberculous empyema 
ultimately require one or another form of 
tuberculous intervention, the surgeon should 
be consulted at the onset of the disease so 
that the most favorable time for surgical 
treatment may not be missed. Early operations 
obviate the concomitants of late em- 
pyema, namely pachypleuritis and amyloido- 
sis. In simple empyemata medical treat- 
ment, including aspiration and lavage, rarely 
cures empyemata. For aspirations a curved- 
aspirator inserted under fluoroscopic control 
is advocated. The patient should not be 
considered cured wliile an internal fistula is 
present. Most empyemata require an initial 
thoracotomy followed by a plastic operation. 
— Consideradones quirrlrgicas sobre el em- 
piema pleural tuberculosa, 0. Vaccarezza, 
An Cited, de pat. y din. tuberc., December, 
1943, S: 310.— {R. Kegel) 

Tuberculous Meningitis. — ^Authentic cases 
of recovery from tuberculous meningitis are 
rare. A 16 year old boy became ill with typ- 
ical clinical meningitis. Tubercle bacilli were 


demonstrated in iris spinal fluid on smear and 
on culture. He made a complete recoverj’ 
and was well seventeen months after the ill- 
ness. The isolated bacilli were tested further 
and proved to be human tubercle bacilli of 
low tdrulence by airimal inoculation. The 
second patient was a 41 year old woman in 
whom the diagnosis of tuberculous menin- 
gitis was made on the grounds of clinical 
meningitis and the finding of tubercle bacilli 
on smear and culture. Unfortunately the 
organisms were not tested as to their type 
and virulence and the patient was lost sight 
of . — Recovery from Tuberculous Meningitis, 
G. H. Jennings, Lancet, April 14, 194-5, 248: 
466. — (H. Mareiis) 

Meningoencephalitis in Hutinel’s Disease. 
— ^A case of Hutinel’s disease (pericardial and 
perilrepatic sjunphysis) is reported. The 
interesting features in this case were the 
absence of free ascites and of liver cirrhosis 
and the rather rare complication of a meningo- 
encephalitis in the right fronto-parietal lobe, 
accounted for clinically by a left-sided hemi- 
plegia and paralysis of the facial nerve of the 
central type. The absence of liver cirrhosis 
can be explained by the cerebral complication 
occurring in the course of a generalized hema- 
togenous dissemination, that terminated the 
life of the patient before a ch-rhosis could 
develop. The nature of the cerebral localiza- 
tion proved to be tuberculous by the finding 
of numerous tubercle bacilli. Histologically 
there was only an acute nonspecific inflam- 
matory process . — Las complicaciones hemi- 
plejicas meningoencephalicas de la enfermedad 
de Hulinel, P. H. Cantonnet, H. Lieutier, 
C. Perdomo, R. Radicc, H. Casliglione & 
J. Medoc, Rev. de tuberc. d. Uruguay, 1944, 
12: 73. — (L. Molnar) 

Tuberculin Sensitivity and Desensitiza- 
tion in Renal Tuberculosis. — The threshold 
of sensitivity to tuberculin was studied in a 
series of cases of genitourinary tuberculosis. 
The most reliable and safest method was 
found to be the one proposed by liebermeis- 
ter: sensitivity to tuberculin was tested start- 
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ing from t!ic smnllcst dose of 0.1 cic. of a solu- 
lion 1:1,000 billions, c.xprcsscd ns 10-*“, and 
using for successive tests doses ten times 
Larger (10-*^ 10-“, 10-“, etc.). Thesensi- 
ti\'ity to tuborculiu was determined in 50 
c.ascs of unilateral Iddney tuberculosis before 
surgerj-, or bilateral disftise, in which surgerj' 
was contraindicated; in 15 cases of kidnej' 
tuberculosis after nephrectomy and finally 
in 10 cases of different urological involvement. 
There was a marked hypersensitinty in all 
cases of kidney tuberculosis. Patients with 
a low sensitivity (tor instance 10— ’) have, in 
general, a better prognosis than those who 
arc hypersensitive (for instance 10—“). It 
is usually not difficult to differentiate a case 
of hj-poergj', indicating a favorable immuno- 
logiciil condition, from another where the low 
degree of sensitiuty is an indication of ter- 
minal failure of the inununological situation. 
Generalization of tuberculosis, following neph- 
rectomy, may be due to bacillemia caused by 
mampulation of tuberculous tissues, or to the 
reactivation of latent foci as a result of a 
failure in the defense mechanisms provoked 
by the surgical trauma. The desensitization 
to tuberculin prior to surgerj' or following 
surgerj' could, thcoreticallj', influence the 
incidence of postoperative generalization. 
The first step towards desensitization is the 
determination of the. threshold of sensiti^'ity 
to tuberculin. Then 0.1 cc. of the threshold 
dose is injected intracutaneously tvice a week, 
using increasing doses (tenfold), after each 
dose has been tolerated without any local 
reaction. A similar but somewhat slower 
course of desensitization could be followed 
in inoperable (bilateral) kidney tuberculosis. 
The relatively small material and the short 
period of obser\'ation do not w'arrant definite 
conclusions as to the effectiveness of this 
procedure. Desensitization after nepluec- 
tomy was emploj'ed as an attempt to control 
a residual cystitis; the results w'ere, however, 
very uneven. Desensitization may some- 
times be impossible, as in cases of so-called 
“fixed allergy .” — Sensibilidad y desensibili- 
zacidn tnbercuUnicas en la tuberculosis renal, 


L. C. Dclatte tfc Jlf. i!f. Diet, Rev. espah. de 
iuberc., October, 19.U, S: — (L. Molnar) 

Genital Tuberculosis. — Genital tuberculo- 
sis is alwaj's a diffuse canalicular tuberculosis 
and a specific epididj'mitis is therefore nothing 
but the most easily detectable localization of 
a tuberculous process, secondarj' to a hema- 
togenous, Ij'mphatic or canalicular spread 
from the lungs or from the kidnej's. That 
is whj' deeper lesions often persist after epi- 
didj'mectomj'. Tliey are not rare, but very 
often ignored. Biopsj' of the testicle in cases 
of tuberculosis of the epididj'mis reveals 
almost consLantlj' characteristic tuberculous 
lesions. Epididj'mectomj' is not a radical 
operation but a palliative one and should 
not be performed until the process has become 
stabilized; It is only a precaution to prevent 
further extension and aggravation of the 
tuberculosis of the testicle. Epididj'mectomy 
should not be performed when the genital 
tuberculosis is a secondary phenomenon of a 
severe ^’isceral tuberculosis, when the diag- 
nosis is uncertain or w'hen the disease is in its 
acute stage. The condition of the kidneys 
must alwaj'S be investigated before epidid- 
j'mectomy is performed, because often 
tuberculosis of the kidney coexists and if 
nephrectomy is feasible, the genital tubercu- 
losis often subsides after eradication of the 
renal focus . — Remarques sur la iuberculose 
giniialc dc I’homme, B. Fey dc R. Couvelaire, 
Presse mid., August, 1944, Ao. 15, 228 . — 
(G. Simmons) 

Tuberculosis of Rectum. — ^Tuberculous le- 
sions of the anorectal region are always a con- 
sequence of tuberculosis of other organs, 
generally the lungs. Infection takes place 
by swallow'ing of sputum containing bacilli. 
Occasionally the infection may be caused via 
the lymphatics or the blood. All anorectal 
fistulae and abscesses observed bj' the author 
have been of tuberculous origin; 19.69 per 
cent of all patients with pulmonary tuber- 
culosis had some kind of rectal disease. 
Among 1,300 tuberculous patients, 75 (5.76 
per cent) had fistulae, 43 (3.3 per cent) had 
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abscesses. The other 10 per cent had some 
form of nontuberculous disorder. Fistulae 
and abscesses are more frequently found 
between the ages of 18 and 42 years. The 
prognosis depends upon the development of 
the primary infection. — Tuberculosis pul- 
monar y proclologia, R. Borlenglii, Rev. Asoc. 
mid. argent., February, 1945, S9: 91. — (TF. 
Swienty) 

Vesico-intestlnal Fistula. — Case history of a 
21 year old male, who six months after the 
onset of a bilateral pleurisy mth effusion de- 
veloped abdominal pain, ascites and fever. 
The temperature decreased, but after three 
months rose again, the patient lost weight, 
had frequent diarrheas and nightsweats. 
The abdominal pain was recurrent and fol- 
lowed by a desire to urinate. Urination was 
painful and frequently interrupted by the 
emission of bubbles of gas. The urine had a 
fecal odor and tests for urobilin and indican 
were positive. Only traces of albumen were 
present. Fecal material was found in the 
urinary sediment. The patient died two and 
one half months later. (No autopsJ^) It is 
assumed, however, that this patient had a 
specific intestinal ulcer which had ruptured 
into the bladder. — Ein Fall von Darmtuher- 
kulose mil einer Blasen-Darmfisicl, S. A. 
Duursma, Nederl. tijdschr. v. gcneesk., 1949, 
p. 140 . — (<?. Simmons) 

Tuberculosis of Myocardium. — This is a 
rare localization of tuberculosis. Generally 
it is secondary to tuberculosis of the peri- 
cardium or of the mediastinal 13’mph nodes. 
It maj' be caused by direct invasion by the 
blood-stream or by the Ijraphatics. Most 
often it is encountered in miliaiy tuberculo- 
sis. It then has no great prognostic impor- 
tance because the myocardial process is only 
one manifestation of the wide-spread general 
infection. In the caseous form great parts of 
the heart muscles may be destroj'ed, but still 
there may not be any special ^mptoms which 
would allow making the correct diagnosis in 
vivo. The prognosis depends upon the de- 
velopment of the primarj’ lesion and on the 


site of the lesion in the myocardium. The 
case of a 17 year old Negro boy, who had 
been suffering for three j’^ears of swellings of 
various joints, is discussed. Shortlj'^ before 
his admission he suffered from dj'spnea, pain, 
palpitation and cough. The only cardiac 
sign w'as a soft blowing murmur in the fifth 
intercostal space to the left of the sternum. 
The X-ray film showed enlargement of the 
heart and congestion of the lungs. Blood 
cultures and agglutination tests were negative. 
The sedimentation rate was 43 mm. after one 
hour. The patient improved slightl}'^ on 
salicylates but died one month later with the 
symptoms of meningitis. The findings of the 
cerebrospinal fluid were not t^ijical for tuber- 
culous meningitis. The tentative diagnosis 
was purulent meningitis and mitral stenosis 
of rheumatic etiologj'. On autops3'’, caseous 
tuberculosis of almost all the heart muscle was 
found. The patient had tuberculous menin- 
gitis and generalized miliary tuberculosis. 
The localization in the heart muscle was 
secondary to the involvement of the medias- 
tinal lymph nodes, whereas the general 
hematogenous spread originated later from 
the cardiac lesion. — Tuberculosis del mio- 
cardio, F. Saffie S. & R. Valenzuela Garcia, 
Rev. mid. de Chile, March, 1945, 73 : SSS . — 
(IF. Swienty) 

Tuberculosis of Myocardium with Em- 
bolism. — A 65 year old white woman entered 
the hospital because of sudden nausea, vomit- 
ing, sweating, salivation, weakness. The 
heart was found enlarged, the electrocardio- 
gram showed partial A-V block and intra- 
ventricular block. Signs and s3Tnptoms of 
occlusion of the right femoral arterj' and 
later of the left femoral artery' appeared. 
The patient died. The autopsy showed 
marked chronic fibroplastic mj'ocarditis; 
mural thrombosis of the endocardium of the 
left and right ventricles of the heart; cloudy 
swelling of the m5'ocardium; embolism of the 
aorta, the right and left common iliac ar- 
teries, the right and left e.xtemal and internal 
iliac arteries, and the right and the left femoral 
arteries; recent infarcts of the kidney's, spleen 
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and left lung; marked fibrous stenosis of the 
anterior descending branch of the left coro- 
narj’ arterj’; chronic Bbrous tuberculosis of 
the lungs, calcification of the tracheobronchial 
lymph nodes and of the pambronchial lymph 
nodes and gangrene of both legs and feet. 
Microscopic examination of the lateral wall 
of the left ventricle showed masses of gran- 
ulation tissue composed of epithelioid cells, 
lymphocjies and giant cells. Some of the 
giant cells contained refractile radial inclu- 
sions. These radial inclusions probabl}' are 
a crj'staUine form of fat. Two structures 
closely simulating acid-fast bacilli were found 
in these lesions. Tuberculous myocarditis 
nath endocardial thrombosis is not infrequent, 
but embolism from these thrombi is rare. — 
EniboUc Thrombosis of the Abdominal Aorta 
loith Tubcrcidous {Histologic) Lesions of the 
Heart Coiitaining Giant Cells icith Radial 
Inclusions, R. A. Bccbc & G. H. Coleman, 
Am. Heart J., April, 19/t5, 29 : 5S9. — {G. 
C. Lcincr) 

Tuberculosis of Eye. — Certain cases of 
keratitis and iritis, accompanied by ceiadcal 
lymphadenitis, may be the expression of an 
allergic manifestation, inasfar as toxins from 
these tuberculous lymph nodes may maintain 
or reactivate intraocular tuberculous foci. 
Irradiation or surgical removal of these Ijmph 
nodes may result in spectacular cures. Five 
cases of keratitis are reported in which cer- 
vical radiotherapy led either to cure or to 
considerable improvement of the eye condi- 
tion. Similarly, arthritic processes may be 
maintained by toxins or waste products from 
tuberculous lymph nodes. Thus, one pa- 
tient, suffering from iritis and rheumatoid 
arthritis of the wrist and fingers and present- 
ing enlarged cervical lymph nodes, was 
remarkably improved after institution of cer- 
vical radiotherapy. — Le iraiiement des tuber- 
culoses oculaires el rheumatismales par sup- 
pression de foyers ganglionnaires, J. Brun, 
Presse m6d., April, 1943, No. 14, ISO. — (G. 
Simmons) 

Tuberculosis of the Trochanter. — ^Tuber- 
culosis of the greater trochantic bursa is 


rare and usually occurs secondarj’- to osteo- 
ms'clitis of the trochanter. Not until 1£04 
was concomitant involvement of the ticchan- 
tcr recognized. Later Cone and Swindt 
stressed the importance of trauma os an 
etiological factor. In subsequent series re- 
ported, the majority of cases showed evidence 
of healed or active tuberculosis elseuhere in 
the body. Complete removal of all infected 
tissue and immobilization of the affected part 
is the treatment of choice. Clinically, tuber- 
culosis of the greater trochanter and its 
bursa is unusual in children but occurs at any 
age and in either sex. Usually there is mild 
pain in the involved leg over a long period of 
time with intervals of quiescence. A history 
of trauma may precede the onset of symptoms. 
There is slight swelling over the trochantic 
area, tenderness on pressure, but, as a rule, 
no pain on weight-bearing. Hip motion is 
free. Often a draining sinus is present over 
the trochantic area. Recurrences are com- 
mon, some showing extension of the disease. 
The first X-ray evidence may be a small 
fleck of calcium in the bursa or a minimal area 
of destruction in the outermost part of the 
trochanter. The usual X-ray bone technique 
may not reveal the lesion. Therefore, Dono- 
van and Sosman recommend the soft-tis- 
sue technique used to demonstrate calcium 
around the shoulder. The usual roent- 
genological finding in long standing cases is 
an area of destruction in the great trochan- 
ter with osteoporosis of the adjacent bone and 
some soft tissue swelling with calcium de- 
posits in the bursa. Tuberculous involve- 
ment of the bursa must be differentiated from 
simple inflammatoiy bursitis which presents 
more acute symptoms and responds to simple 
treatment. Involvement of the trochanter 
requires differentiation from tumors and non- 
specific osteomyelitis. Four cases of tuber- 
culosis of the trochanter and its bursa are 
presented. — Tuberculosis of the Greater Tro- 
chanter and Its Bursa, P. C. Briede, Radi- 
ology, January, 1945, 44: 32. — (G. F. Mitchell) 

Ultraviolet Radiation Control of Airborne 
Infection. — In the sleeping quarters of naval 
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recruits arranged in two groups of buildings 
of 11 each on both sides of a central training 
field, ultra^^olet lamps of high and low in- 
tensity were installed in half of the buildings. 
The other half serv'ed as controls. Within 
these quarters a combination of upper air 
and floor irradiation was employed. The 
level of ultra\dolet intensity was a determin- 
ing factor in the control of airborne infection. 
A reduction of 25 per cent in respiratorj’’ ill- 
ness resulted in those barracks equipped with 
high intensity radiation. There was no ap- 
preciable reduction in the rate of illness in the 
barracks equipped vdth low intensity irradi- 
ation. Tliis reduction was most noticeable 
in the early winter months when the rate of 
illness was high throughout the camp. Bac- 
terial counts in the irradiated quarters showed 
a 50 per cent reduction in the bacterial popu- 
lation of the air as compared with that in the 
nonirradiated control barracks. — Ullraviokt 
Control of Air-borne Infections in a Naval 
Training Center, S. M. Wheeler, Lt. (MC) 
US NR, H. S. Ingraham, Lt. {MO US NR, 
J. Gerskon-Cohen, Lt. Comdr. {MO US NR, 
& E. W. Brown, Capt. {MC) USN, Am. 
J. Pub. Health, May, 1945, 35: 457. — (ilf. 
B. Lurie) 

Pathology of Atypical Pneumonia. — The 
morbid anatomical changes in 42 cases from 
the U. S. Army of acute interstitial pneumonia 
(the so-called atypical pneumonia, etiology 
undetermined) are described. Of these, 21 
were uncomplicated by superimposed second- 
ary bacterial infection. The bronchioles 
revealed an acute focal bronchiolitis wdth 
early ulceration and, in some instances, com- 
plete desquamation of the mucous membrane. 
The bronchiolar lumina contained frank pus 
mixed with desquamated and disintegrated 
cells; no bacteria could be found in most 
cases. The walls of the bronchioles were 
dilated, sometimes markedly, even in the 
cases in which death occurred early, but com- 
plications such as chronic bronchiectasis were 
not seen and necrosis of the walls was seen in 
only one instance. The walls were infiltrated 
chiefly with mononuclear cells extending radi- 


ally into the regional interstitial tissues of the 
lung, and in some cases there was fragmenta- 
tion of the smooth muscle, elastic and reticu- 
lum fibres. The larger and medium sized 
bronchi showed only submucosal edema and 
congestion with a scattering of mononuclear 
and polymorphonuclear cells; focal ulceration 
was noted in only two instances. The al- 
veolar walls were most severely involved close 
to the affected bronchioles; the lumina fre- 
quently contained air although focal areas of 
atelectasis were seen. In some instances 
there was extensive desquamation of alveolar 
lining cells and less frequently serous axudate 
with or without hyaline membrane formation. 
Usually no polymorphonuclaar leucocytes 
were seen in these areas, and no microor- 
ganisms were found. Hemorrhages, when 
present, were usually terminal and were lim- 
ited to those alveoli close to involved bronchi- 
oles. In the presence of secondary bacterial 
infection such as frank bronchopneumonia, 
lobar pneumonia and pulmonary abscess, 
it was sometimes possible to distinguish areas 
of acute interstitial pneumonitis in adjacent 
portions of the lung. The similarity of the 
lesions to those seen in measles pneumonitis 
and in epidemic influenza, especially when 
death occurs within the first five days of ill- 
ness, together with the failure to demonstrate 
consistently any organisms in the lung tissue, 
suggests that a virus may be the etiological 
agent; it is pointed out, however, that acute 
interstitial pneumonitis is also seen in per- 
tussis, a bacterial infection. In the cases in 
this series the leucocyte count tended to be 
high with 70 to 98 per cent polymorphonuclear 
cells; all of these cases came to autopsy, how- 
ever. Cyanosis was common, and was best 
explained by the massive plugging of the 
smaller bronchial branches, the interstitial 
infiltration of alveolar walls and the pul- 
monary congestion. The presence of hyaline 
membranes was too inconstant to be the sole 
explanation. — Pathologic Anatomy of “Atyp- 
ical Pneumonia, Etiology Undetermined”: 
Acute Interstitial Pneumonitis, A. Golden, 
Arch. Path., October, 1944> 1S7 . — {D. 

G. Freiman) 
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Etiology of Atypical Pneumonia. — The pres- 
ent status of the etiology of primary atypical 
pneumonia is reviewed. A variety of known 
agents, including bacteria, fungi, Rickettsia 
and -viruses, can produce tins clinical sjm- 
drome, but accounts for a verj’^ small propor- 
tion of the cases diagnosed. The cause of the 
remainder remains to be identified. The 
results of extensive animal experimentation 
have been difficult to interpret owing to the 
lack of a truly susceptible animal and the 
occurrence of spontaneous diseases in the 
animals employed; there has as yet been no 
confirmed report of the isolation in animals of 
an agent definitely related immunologically 
to the human disease. The variety of im- 
munological reactions demonstrable in con- 
valescent sera, including cold hemagglutina- 
tion, fixation of complement udth various 
dissimilar antigens but especiall}'- fresh tissue 
suspensions, the prevention of the develop- 
ment of antibodies to the mouse pneumonia 
•virus, and the agglutination of an indififerent 
streptococcus can be attributed to a nonspe- 
cific alteration in the sei-um proteins and their 
reacti-vity as well as by common antigens. 
Because of these equivocal findings, experi- 
ments were conducted ndth human volun- 
teers. In the first experiment, sputa and 
throat washings from cases of atypical pneu- 
monia were sprayed into the noses and throats 
of 12 men; of these, 2 failed to become ill, 

2 developed mild infections without fever and 

3 developed moderately severe atjTpical pneu- 
'monia. Between these extremes there were 

cases resembling the disease but -ndthout 
demonstrable pulmonary infiltration; these 
cases were similar to those diagnosed as “bron- 
chitis resembling atypical pneumonia” or 
“suspected atypical pneumonia.” In the 
second experiment 36 men were isolated, great 
precautions being taken to avoid cross infec- 
tion and extraneous exposure. They were 
divided into three groups, the first being inocu- 
lated with 10 cc. each of pooled sputa and 
throat washings from 7 cases of atypical 
pneumonia, the second with a similar amount 
of this same material bacteriologically fil- 
tered, and the third nith tliis same material 


autoclaved. All of the first group, 9 of the 
second and 4 of the third became ill either 
with primary atypical pneumonia or minor 
respiratory illness of undifferentiated type; 
however the cases of pneumonia were about 
equally distributed in all groups (3 in the first, 
4 in the second and 3 in the third). No 
conclusion regarding infectmty of the fil- 
trates could therefore be drawn and the ques- 
tion of nonspecific evocation of a latent agent 
or inadvertent infection was raised. The 
experiment was therefore repeated redoubling 
precautions against inadvertent infection 
and increasing the size of the control group 
recemng autoclaved sputum to 18. The 
inoculum now consisted of pooled sputa and 
washings obtained from 6 of the cases from 
the second experiment, thus providing an 
opportunity for passage of the agent On 
this occasion the results in groups one and 
two were the same, with 3 cases each of 
atypical pneumonia and 5 cases each of un- 
differentiated respiratory illness; 4 cases in 
each group failed to become ill. In the con- 
trol group there was only one case of mild 
respiratory illness in a man known to have 
broken isolation; all the rest remained well. 
These results suggest that primary atj’pical 
pneumonia is initiated, if not caused by a 
filtrable agent, presumably a -sdrus, and that 
a latent agent is not evoked nonspecifically. 
A difference in incubation periods, almost 
twice as long in those cases receiving filtered 
inoculum, suggests the possibility that bac- 
teria may act in conjunction with the filtrable 
agent; the possibility that filtration causes 
some loss of the infecting agent cannot be 
ruled out however. — The Present Status of the 
Etiology of Primary Atypical Pneumonia: 
Commission on Acute Respiratory Diseases, 
J. H. Dingle, Director, Bull. New York Acad. 
Med., May, 19^5, 21; 2S5. — {D.G. Freiman) 

Atypical Pneumonia. — One hundred and 
forty-four cases of primary atypical pneu- 
monia in ambulatory patients were studied. 
Pleural involvement was found in 21 patients 
(14.5 per cent), in 11 of whom no parenchymal 
lesion could be demonstrated. In only 3 
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cases was the site of the pleurisy the costo- 
phrenic sinus, while in the rest the pleuritic 
process involved the lower portion of one of 
the long fissures. The anatomy and roent- 
genology of the interlobar fissures are de- 
scribed and illustrated in detail. Clinically, 
the majority of the 144 patients had only 
mild, non-incapacitating symptoms (cough, 
slight expectoration, malaise, chilliness) and 
there was no difference, in this respect, be- 
tween the patients with and without pleural 
involvement. Physical signs were scant and 
consisted of diminished or exaggerated breath 
sounds, slight dulness, subcrepitant and/or 
rhonchial rfiles and occasional pleural friction 
rub. The temperature, pulse, urine, leuco- 
cyte count and differential count were normal 
in most cases. Roentgenograpliic signs of 
pneumonia or pleuris}’’ usually disappeared in 
two to four weeks. Involvement of the lower 
end of one of the long fissures presented itself 
in the frontal -vdew as a small area of homo- 
geneous density in the lower lung field extend- 
ing down to the cardiophrenic angle and not 
reaching beyond the midclavicular line later- 
ally. In the absence of pneumonia the lung 
markings were normal. In the lateral view, 
a band-like or fusiform density could be seen 
near the junction of the diaphragm and the 
anterior chest wall. In the oblique (right 
anterior for the left and left anterior for the 
right long fissure) films a homogeneous tri- 
angular shadow in the anterior portion of the 
lung field indicated involvement of the lower 
end of the interlobar fissure. In the differen- 
tial diagnosis, pneumonia or atelectasis of the 
right middle lobe, pneumonia in the lower 
anteromedial portion of the left upper lobe, 
and infiltrations in the lower lobes must be 
excluded. Middle lobe pneumonia presents 
a triangular, and not a band-like, appearance 
in the lateral view. Pneumonic processes 
located in the lower medial portion of the left 
upper lobs do not extend down to the dia- 
phragm in the postero-anterior film, while in 
the lateral view they show up as a broad area 
of density. Lower lobe infiltrations can be 
distinguished from interlobar pleurisy by the 
lesser homogeneity and posterior location of 


the former. The high incidence of pleural 
involvement in the authors’ series of atypical 
pneumonias is partly attributed to the fre- 
quent use of lateral and oblique adews. — 
Pleuritic Involvement Associated with Primary 
Atypical Pneumonia: A Roentgenographic 
and Clinical Study, A. L. Bachman, N. 0. 
Sara & H. E. Mantz, Am. J. Roentgenol., 
March, 1945, S3: 24^t. — (P. Lovry) 

Frledlander Bacillus Pneumonia. — The 
authors have compiled 287 cases of pneu- 
monia caused by Friedlander bacillus from the 
entire world literature from 1882 to 1941; 
233 of those with a mortality rate of 94 per 
cent were acute and 54 with a mortality of 
30 per cent were chronic forms. (The cases 
of Zander (411) and Bathmagar and Singh 
(13) were disregarded as without nxact con- 
trol.) It is difficult to distinguish between 
the Klebsiella, Echcrichia and Aerobacter 
groups. There even exist intermediatory 
forms between these different groups. The 
antigen contained in the capsule of Klebsiella 
pneumoniae type B, is similar to the capsule 
antigen of pneumococcus tjqje 2. Although 
rare, some forms of Klebsiella can pass from 
the gram-negative to a gram-positive stage. 
Friedlander bacillus and all of the Klebsiella 
are habitual inhabitants of the respiratory 
system of man and it has been found that the 
localization in the tonsils is the most frequent. 
The authors have treated 244 cases of pneu- 
monia of which 29 (11.8 per cent) were caused 
by Klebsiella. In 15 cases the pathogenic' 
agent was Klebsiella pneumoniae. In 8 it 
was Klebsiella ozaenae and in 6, Klebsiella 
eapsulata. All the germs were found in the 
sputum and the diagnosis was made only 
after at least six positive cultures were ob- 
tained. In 10 cases pneumococcus was asso- 
ciated with the Klebsiella, in 4 others, tubercle 
bacilli. Never was fungus found in associa- 
tion with the Klebsiella. The infection was 
always bronchogenic and generalty started 
from the tonsils. Predisposing factors were 
colds, alcoholism, malnutrition, physical ex- 
haustion and infection of the respiratory 
tract. Sixteen acute pneumonias and one 
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acute bronchopneumonia were studied. The 
acute form generally started abruptly. Herpes 
was rare. The patients were cyanotic and 
dyspneic. The age of the patients was from 
18 to 64, with an average of 37.7 years. The 
mortality was 4 (25 per cent). Death oc- 
curred in ten to twenty-eight days. The 
average age of these patients was 48.S years. 
Fifteen cases presented localization in the 
inferior lobes. Only one involved the upper 
left lobe. Fever and sputum were atj'pical. 
In 2 cases septicemia, purulent meningitis 
and pleuritis were found. Three cases showed 
leucopenia with sliift to the left and monoc}’’- 
tosis. Of 2 cases with Ijnnphopenia, one died. 
Five had leucocjd;osis and sliift to the left. 
Of those, 4 had monocj’tosis and one monocy- 
topenia. Tubercle bacilli were not found in 
any one of the acute cases. The treatment 
consisted of sulfathiazole. In one case it was 
combined with penicillin. The duration of 
the disease was from five to thirt}'’-seven days 
with an average of 17.7 days until full re- 
covery. Twelve chronic forms were also 
studied. In 4 cases pneumococci and in 4 
Koch bacilli were found associated with the 
Friedlander bacillus. The age was from 27 
to 71 years with an average of 46.1. One 31 
year old patient died sixteen months after 
onset of the disease. The start of the dis- 
ease was abrupt in 7 and insidious in 5. The 
clinical picture is easily mistaken for tuber- 
culosis. In 4 cases pulmonarj'^ abscesses were 
present. In 2 others tuberculous cavities 
appeared during the disease. Eight patients 
bad leucoc 3 dx)sis with shift to the left; 5 
of them had monoc 3 dosis. Four other patents 
bad a normal white count. One patient re- 
covered after forty-three days. All the others 
remained unchanged from three months to 
ten years. Death is generall}’’ due to toxemia. 
There is an intense reaction of the pulmonary 
tissue to this toxemia which is followed by 
necrosis and persistent pulmonary edema. 
Necrosis and hemorrhages are common in the 
acute forms. Bacteremia is almost always 
present in the acute forms of Friedlander 
pneumonia, but it is generally not followed by 
spread to other organs. For example, menin- 


geal complications are rarely seen. The 
bacteremia has no prognostic significance. 
Relative or absolute leucopenia generally 
gives a poor prognosis. In the X-ray pic- 
ture four different phases of the development 
of the disease can be seen: First, beginning 
bronchopneumonia; second, secondary pseu- 
dolobar coalescence; tliird, formation of mul- 
tiple abscesses and thin walled cavities; fourth, 
fibrosis. In differential diagnosis of the 
acute forms pneumococcus pneumonia can be 
ruled out by the absence of herpes, the ten- 
dency to bilateral involvement, the abscess 
formation and the bacteriological examination 
of the sputum. Pulmonary gangrene also 
has to be excluded. Complications are pul- 
monary abscess, empyema, pleuritis, septi- 
cemia and meningitis. The chronic form has 
a relatively benign course over months or 
j'ears. It often simulates pulmonary tuber- 
culosis. The X-ray picture is always sus- 
picious of tuberculosis, and association with 
tuberculosis is not infrequent. The cavities 
are thin-walled, and contain a purulent hemor- 
rhagic fluid. The differential diagnosis has 
to exclude tuberculosis, chronic bronchitis, 
bronchiectasis and multiple lung abscesses. 
Complications are pulmonary abscess, em- 
pyema, bronchiectasis, hemoptj'sis, phlebitis, 
arthritis and endocarditis. The treatment in 
the acute and chronic forms consists of the 
sulfanilamides, good nutrition and rest. 
Penicillin seems to have no effect. The 
high percentage of recovery, especially of the 
acute forms, is due to the modern treatment. — 
Netmopalias a Friedlander, F. Hermosilla 
D., S. Marin Tagle, L. Parades & E. Belldio 
Z., Rev. inH. de Chile, January, 1946, 73: 
36. — (TT. Suienty) 

Treatment of Empyema. — More than SO 
per cent of all the pneumococcal pneumonias 
are pleuro-pneumonias. Empyema generally 
appears when the disease is in the phase of 
grey hepatization. A portion of the paren- 
chyma may soften and an abscess form. The 
evacuation of the pus may take place by 
vomica. But often the pus is evacuated 
into the pleural cavity, especially if not too 



30 


AIlSTUACrS 


many adhesions arc })rcscnt. Generally, 
postpncumonic empyema is observed in 
patients who had no adequate medical 
care or who present a definite lowerinR of 
resistance towards the invading agent. In 
some cases, the empyema heals spontaneously 
by absorption or even by vomica. The 
empyema does not retard the healing of the 
parenchymatous lesions. Occasionally, it 
may extend and jirovokc mediastinal, .sub- 
phrenic or pericardial abscesses. Therapeu- 
tic.ally, it is of the utmost importance to avoid 
all maneuvers that could interfere with the 
respiratorj' equilibrium of the hemithonax. 
Surgical methods that bring the pleural cav- 
ity in contact with the air produce irritation 
and dcl.aj’ cicatrization by apposition of the 
two pleimil folds. The resistance of the 
pleura to the infection becomes diminished 
by contact inth air. The authors describe a 
medical treatment of empyema. The as- 
piration of pus is followed by a lavage of the 
pleura with luke-warm jihysiological saline 
solution in large amounts (one to three 
quarts). This is repeated at intcmils of 
forty-eight hours. After X-ray studies show 
reduction of the empyema the lavages arc 
done at longer intervals. Small transfusions 
of whole blood from 100 to 150 cc. arc given 
to maintain the resistance of the jiatient. 
The authors have treated a number of cases 
this waj\ In their latest report they h.ave 
added 20,000 to 40,000 units of penicillin to 
the saline solution; 5,000 to 15,000 units of 
penicillin were given intermuscularly everj' 
four hours for one to two days. In the 2 
cases so treated complete cure was obtained 
in forty-five daj's. In a third case 30,000 to 
35,000 units of penicillin were injected intra- 
pleurally without pleural lavage every twentj’^- 
four hours and after four daj^s every forty- 
eight hours. The pus became sterile, but the 
fever persisted. Seven days after the last intra- 
pleural administration of penicillin the pus 
was evacuated by pleural puncture and after 
lavage vdth saline 80,000 units of penicillin 
were instilled intrapleurally. Complete cure 
was obtained in twenty-six days. In all 3 
cases the pus was found to be sterile twenty- 


four hours after apjdication of the penicillin. 
The closed lavage of the pleural cavity helps 
to eliminate the toxic products of the sup- 
pumtion and prevents mixed infection so 
often occurring in pyopneumothorax. Peni- 
cillin shoulfl be usc<l intrapleurally; 50,000 
tinits should be injected intniplcurally cverj' 
twenty-four hours for four d.ays and cverj' 
forty-eight hours thereafter until afrcbility 
i.s obtaincrl. In the presence of other in- 
flammatorj’ processes additional intramus- 
cular administration of 20,000 units of peni- 
cillin cvcr\' four hours may be ncccssarj’. — 
Tratamcinto medico del empiema plcxtral 
mclancxnnotnco, R. Gondar, F. Sa£tc & J. 
BoncU, Rev. m(d. dc Chile, Jamiary, IDJ^S, 
73: .SO.— (ir. Siricntu) 

Local Penicillin In Lung Abscess . — A 
chronic putrid lung abscess liad been treated 
with intramuscular penicillin without marked 
benefit. The patient continued to go down- 
hill and licmorrhagcs continued. The ab- 
scess was located in the apical portion of the 
right lower lobe. The organisms involved 
were i)rcdominantly Sircpfococcxts liridans. 
Also present were X. catarrhalis, fusiform 
bacilli, pneumococci and two other strains of 
streptococci. Because of the desperate con- 
dition of the patient, local administration of 
penicillin was decided upon. Thick pus was 
aspirated from the chest at a point about 2 
inches from the midlinc postcriorlj', in the 
seventh posterior intercostal space. At a 
depth of 8 cm. thick pus was encountered and 
20,000 units of penicillin in 5 cc. of saline was 
instilled. On following da 5 ’-s different spots 
were chosen for the injection after preliminary' 
aspiration of pus each time. Tire condition 
improved remarkably. After the first in- 
jection the temperature became normal. 
However, although the sjmptcms were con- 
trolled by this treatment the abscess as seen 
on X-ray film did not close. Surgery' was 
decided upon, and after resection of two ribs 
the abscess cavity was located and a drain 
placed. The interlobar fissure was tremen- 
dously tlrickened and contained pus. The 
patient died shortly after the operation* 
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Autopsy shows acute peritonitis resulting 
from an apparently rather silent gastric ulcer. 
It is felt that this patient was benefited by 
the local application of penicillin, and benefit 
might have been more apparent had he been 
treated in tliis fashion more promptly. — 
Local Imtillation of Penicillin in Jjung Ab- 
scess, D. Pickering & B. Grecnville-M others, 
Lancet, April SS, 1945, 248 : 5S0. — (H. 
Marcus) 

Surgical Treatment of Lung Abscess. — 
Eighty-five cases of lung abscess were treated 
surgically with a mortality of 16.5 per cent. 
External drainage was performed in 77 cases: 
in 3 cases lobectomy was done (2 deaths); 
3 apical thoracoplasties were performed (2 
good and 1 doubtful result) ; in one case Mon- 
aldi’s aspiration with subsequent apical 
thoracoplasty was done. In 3 cases the ab- 
scess drained spontaneously through the 
bronchus after institution of a pleural tam- 
ponade, preliminary to further surgery. In 
15 of these cases the condition had persisted 
for more than one year and in this group there 
were 13 deaths. In the group of cases that 
were operated on soon after the onset of the 
condition, there were 2 deaths (one due to an 
air embolus and one due to a secondary p3’'o- 
pneumothorax). In 3 cases a bronchocutane- 
ous fistula persisted after external drainage. 
No fistulae occurred in cases operated on less 
than three months after onset of the condition. 
No case of broncliiectasis was observed in 
lung abscesses of less than tlnee months’ 
standing. Early surgery, therefore, not only 
gives a smaller death rate but prevents oc- 
currence of secondary complications. Recur- 
rence of a lung abscess occurred in 2 cases, 
four and eighteen months after institution 
of external drainage. — Les rdsultats du iraite- 
ment chirurgicale do I’abscbs du poumon: A 
propos de 85 observations, P. Sauty & M. 
Birard, Presse mid., August, 1944, Ao. 15, 
225. — (ff. Simmons) 

Penicillin Treatment of Pulmonary Sup- 
puration. — ^Local and systemic treatment 
with penicillin was tried in hemothorax, 


pyogenic empjrema, mixed infection tuber- 
culous empyema, extrapleural suppuration 
and pulmonary suppuration. Intrapleural 
instillation of penicillin into uninfected hemo- 
thorax cases apparently prevented infection. 
However, deposition of fibrin goes on regard- 
less of treatment and, when this becomes ex- 
tensive, rib resection and evacuation of fibrin 
and clot become necessarJ^ Postoperatively 
penicillin appeared to be of value in prevent- 
ing infection. Pyogenic empyema is almost 
never cured by aspiration of pus and instilla- 
tion of penicillin. Although the pus may 
become sterile, a rigid pleural space results, 
and the lung does not reexpand. Thora- 
cotomj’' and drainage became necessary. 
Penicillin again is valuable following opera- 
tion when instilled into the pleural cavity. 
Administration of penicillin into the pleural 
cavity may be of value before an empj^ema 
becomes thick, and if the underlying lung 
process is still active. This is especially 
true of hemolytic streptococcus infections. 
In secondarily infected tuberculous empye- 
mata penicillin treatment has been of distinct 
value. Although drainage may eventually 
become necessary, all patients were benefited 
with return of temperature to normal and 
disappearance of the secondary invaders from 
the pleural e.xudate. .The single dose is 
20,000 to 50,000 units given intrapleurally 
at intervals from one to four days. The total 
dose is up to 400,000 units. Penicillin is 
useless if the only infecting orgam'sm is 
penicillin resistant, but if several organisms 
are present, one penicillin sensitive and one 
resistant, distinct improvement has resulted, 
with eventual disappearance of botli organ- 
isms. Extrapleural infections following upon 
surgery of the thorax are successfully treated 
if the organism is sensitive. The cases of 
intraplulmonary suppuration fall into several 
groups. Infection with nonhemoljdic micro- 
aerophilic streptococci is fairly common. The 
organism is penicillin sensitive, but, although 
the infection of the lung can be treated suc- 
cessfully with intramuscular administration 
of 60,000 to 120,000 units of penicillin for 
about two weeks, complications have been 
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frequent. Empyema could not be aborted, 
and cerebral abscesses have oceurred in 3 out 
of 7 such eases. Pulmonarj' suppuration due 
to mixed anaerobic infection has not been 
treated successfully in spite of the fact 
that the organisms were penicillin sensitive. 
Surgical drainage became necessary in 5 out 
of 6 cases treated with penicillin. Two 
cases of actinomycosis were also treated. 
Good results were obtained in one case, but 
tre.atment was protracted and the dosage 
high. This patient received one course of 

1.800.000 units over a course of six weeks. 
Three weeks later he had a recurrence and 
another course of penicillin was given. The 
second course lasted twenty-eight days, and 

5.600.000 units were given. The" patient 
remained well for a four-month period. — 
Pletiral and Pitlmonary Suppuration Treated 
with Penicillin, J. E. 11. Roberts, 0. S. 
Tubbs dc M. Bales, Lancet, January 13, 1945, 
Z4S: 39. — {H. Marcus) 

Absorption of Aerosol Penicillin. — The 
absorption of penicillin by the lungs was 
studied experimentally. Solutions of peni- 
cillin containing 10,000 units of penicillin per 
cc. were dispersed in a room of 3,000 cubic 
feet by means of an electric generator. 
Twenty cc. of a solution of sodium penicillin 
in water could thus be dispersed in an hour. 
An extremely fine mist was produced. Blood 
agar cultures which had pre^^ously been 
inoculated with 500 coloiues per plate of 
staphylococcus aureus showed complete in- 
hibition of growth if the plate was exposed in 
the room at a distance of 25 feet from the 
generator for fifteen minutes at the start of 
the experiment and for five minutes towards 
the close of the hour. Considerable quan- 
tities of penicillin were noted in the blood and 
in the urines of volunteers who were exposed 
to the aerosol penicillin. After tliirty min- 
utes’ exposure in the room, one part of urine 
was sufficient to inhibit the growth of staphy- 
lococcus aureus when added to 19 parts of a 
broth culture. The possible practical appli- 
cations of these experiments are obvious. 
It has been demonstrated that aqueous so- 


dium penicillin remains active for a consider- 
able time when dispersed as an aerosol. The 
dispersion of penicillin in entire hospital 
wards, operating or dressing rooms thus be- 
comes a practical procedure. The admim’s- 
tration of penicillin to patients who object 
to both intramuscular injections or to the use 
of face masks, or the administration to ex- 
tremely young patients, can be satisfactorily 
solved in this manner. — Absorption of Aero- 
sol Penicillin via the Lungs, F. A. Knott & 
W. H. Clark, Lancet, April I4, 1945, 248: 
4GS . — (//. Marcus) 

Penicillin by Inhalation. — ^Experiments were 
conducted in 5 normal subjects to determine 
the feasibility of administering penicillin via 
the respiratory tract by means of nebulization. 
A Collison nebulizer was used and oxj'gen 
passed through it at the rate of S to 10 liters 
per minute. The concentration of penicillin 
was 80,000 units per cc. The mist was de- 
livered by means of the nose piece of the 
standard BLB mask. The patient inhaled 
through this and was instructed to e-xhale 
through the mouth. At least 40,000 units 
can be absorbed during a half-hour period, 
and effective blood concentrations can be ob- 
tained. Maximal excretion followed during 
the Imlf hour after the conclusion of the ex- 
periment. The waste of material is high, 
amounting to from 60 to 75 per cent of the 
material. . It is possible, however, that weaker 
solutions, such as 5,000 units per cc., might be 
employed to equally good advantage, thus 
making the procedure practicable for treat- 
ment of infections of the lower respiratory 
tract. Aqueous calcium penicillin was used 
because sodium penicillin solution was found 
too irritating. — Penicillin by Inhalation, N. 
Mutch & R. E. Rcxcell, Lancet, May 26, 
1945, 248: 650. — (JI. Marcus) 

Bronchiectasis following Atypical Pneu- 
monia. — Primary atypical pneumonia, etiol- 
ogy undetermined, is usually a mild to a 
moderately severe illness affecting young 
adults. The duration of the disease is from 
five to fourteen days; it is uninfluenced by 



ABSTKACTS 


33 


chemotherapy. The literature of the clin- 
ical, roentgenological and pathological find- 
ings of atypical pneumonia is renewed. Two 
factors responsible for the development of 
bronchiectasis may be present in atypical 
pneumonia, bronchial infection and bronchial 
obstruction. Twenty patients with bron- 
chiectasis following attacks of atypical pneu- 
monia during the winter of 1942-1943 were 
seen. In all of them, roentgenograms taken 
at the time of induction into the Army had 
been normal. These patients had had no 
symptoms prior to the pneumonia. There 
was no spontaneous healing of the atypical 
pneumonia; productive cough, rdles and 
roentgen signs of unresolved pneumonia per- 
sisted. Bronchographic examination after 
severalmonths revealed broncliiectasis. Bron- 
chography was repeated over a period of two 
to six months. In 3 patients the bronchiec- 
tasis disappeared. Ten of the 17 patients 
had lobectomies noth complete relief of symp- 
toms, without operative mortality. Path- 
ological examination of the resected lobes 
confirmed the diagnosis. Seven representa- 
tive case histories are given. — Bronchiectasis 
allowing Atypical Pneumonia, E. B. Kay, 
Arch. Int. Med., February, 1945, 75; S9 . — 
(G. C. Leiner) 

Bronchiectasis. — The folloudng theories re- 
garding etiology are listed: (J) pree-xistent 
recurring broncliial infection, (9) chronic 
lobar or lobular pneumonia, (S) pertussis 
with pneumonia, (4) acute or chronic lung 
abscess, (5) bronchial obstruction due to car- 
cinoma, (9) foreign body, (7) inflammatory 
cicatrix caused by specific infection, as tuber- 
culosis, or caused by various nonspecific in- 
fections, and (?), to a lesser extent, clu-onic 
empyema or lesions causing gradual bronchial 
compression with retention of secretions and 
subsequent infection. The authors do not 
believe that sinus disease is frequently con- 
comitant. Pathologicallj’’ bronchiectasis is 
characterized by a degeneration of the bron- 
cliial wall with infection, the inflammation 
and necrosis of the tissue extending beyond 
the bronchial walls and, in advanced cases. 


producing bronchopulmonary suppuration. 
The diagnosis is based early on the presence 
of slight cough with scanty or moderate 
amounts of nonfoul sputum and, occasionally, 
hemorrhage. At this period the patient’s 
general condition is good. Physical signs 
may be absent or, if present, may consist of 
diminished resonance and rdles. Later, how- 
ever, cough becomes severe, sputum is abun- 
dant and foul, clubbing is frequent, hemor- 
rhage is by no means unusual, and, when 
drainage is impaired, there is severe sepsis. 
The complications are: (I) hemorrhage, which 
is quite common (Hedblom is cited as author- 
ity for the statement that hemorrhage occurs 
probably more often in bronchiectasis than 
in tuberculosis); (^) bronchopneumonia (the 
patient is usually not quite so toxic as in 
primary pneumonia and recovery is often 
more rapid); (S) atelectasis, which is due to 
obstruction by inspissated secretion or by the 
cicatrix of chronic inflammation (when atelec- 
tasis is permanent, there is produced the 
“shrunken lobe” of Jones and Coumand); 
(4) empyema. The authors point out that 
diagnoses on plain films are not consistent, 
but may be suspected from prominent bron- 
chial markings, from rounded areas of in- 
creased radiance, the so-called “honeycombs,” 
from lobar or lobular atelectasis, and from 
areas of mottled densities. The means of 
choice for diagnosis of bronchiectasis are 
bronchography and bronchoscopy with suc- 
tion to remove secretions in those cases where 
visualization is not good due to inspissated 
secretions or cicatricial stenosis. Tubercu- 
losis, foreign body, bronchogenic carcinoma 
and lung abscess must be differentiated frcm 
broncliiectasis. The authors present the 
following pathological classification: (1) ul- 
cerative, the type in w'hich hemorrhage is 
frequent; (8) stenotic, which favors the de- 
velopment of atelectasis and the progression 
of infection; (S) fibrotic, in which abundant 
peribronchial fibrosis exerts a traction mech- 
anism; and (4) the “drj' hemorrhagic” tyqie 
not characterized by either cough or sputum 
but rather by recurrent hemorrhage. This 
latter ty^pe may be on a congenital basis, and 
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these cases often give a negative history. 
Both physical examination and X-ray may 
be negative. However, the bronchogram 
clinches the diagnosis. Anatomically the 
cylindrical type is most common and is most 
often found at the bases. The saccular is 
less common and occurs more often in the 
upper lobes. Occasionally there is a fusiform 
type. All cases reported in this study were 
confirmed by bronchogram except where 
lipiodol instillation presented difficulty or 
where atelectasis was c\ddent, or neoplasm 
was suspected. Sixty-two cases were pre- 
sented. There was a considerable incidence 
of antecedent respiratorj' disease. Chron- 
icity was an important factor. Rdlcs were 
present in 93 per cent. There was a history 
of hemoptysis in one-third. Clubbing and 
foul sputum were relatively infrequent. 
Fifty per cent of the lesions were located in the 
left lower lobe, 31 per cent in the right lower 
lobe, 12 per cent in the right middle lobe, and 
16 per cent in both lower lobes. None oc- 
curred alone in either upper lobe. The in- 
cidence of bronchiectasis in the Army does not 
exceed that in civilians. It was present 
before induction. Mobilization regulations 
stipulate bronchiectasis as disqualifying. The 
C.D.D. board is authorized to recommend 
discharge on a Certificate of Disability, after 
which, if the individual is in need of hospital 
care, he is eligible for admission to a Veterans’ 
Hospital. A group of case reports is pre- 
sented. Of 1,753 cases observed at the Sta- 
tion Hospital since September, 1940, and 
separated from the service for various causes, 
32 cases, or 2 per cent, were discharged be- 
cause of bronchiectasis. — The Diagnosis of 
Bronchiectasis: Clinical and Roentgenological 
Observalions, M. H. Joress & S. A. Robins, 
Dis. of Chest, November-December, 1944, 
10: 439 . — (Jl. R. Boucot) 

Atelectasis and Bronchiectasis. — ^The de- 
creased endothoracic pressure consecutive to 
bronchial obstruction and atelectasis is con- 
sidered by many as the chief mechanism in the 
pathogenesis of broncliiectasis. In face of 
this tendency, it is useful to reconsider the 


question of the relationship between atelec- 
tasis and bronchiectasis. Experimental stu- 
dies, clinical and roentgenological evidences 
have proved that with decreased endoalveolar 
pressure there is a tendency in the obstructed 
bronchus also to collapse and that this ten- 
dency cannot be counteracted by decrease of 
endothoracic pressure. Bronchial obstruc- 
tion causes the bronchus to dilate only when 
it is incomplete; in this case there is no atelec- 
tasis, but obstructive emphysema. Infection 
is the most important single factor in the 
genesis of bronchiectasis. Tlie inflammatory' 
process causes deep changes in the various 
structures of the bronchial wall. The second- 
ary' mechanical factors act on the weakened 
bronchus in establishing an irreversible bron- 
chial dilatation. The bronchial occlusion 
facilitates the development and persistence 
of infection, and the incomplete occlusion 
with a valve-mechanism in the presence of 
infection also favors the dilatation of the 
bronchi in the blocked segment. A superim- 
posed infection can also cause a latent con- 
genital or acquired bronchiectasis to become 
clinically significant. The rapidity with 
wMch bronchiectasis develops depends upon 
the association of the different factors, among 
winch pleuropulmonary' fibrosis should also 
be mentioned. The r61e of infection is em- 
phasized by the observ'ation that not all cases 
of atelectasis are followed by' broncliiectasis. 
The higher incidence of broncliiectasis in 
children can be explained by tlie narrower 
bronclii, by the less powerful expectoration 
and by the more delicate anatomical struc- 
tures in children. The sequence of events in 
the case of bronchiectasis associated vuth 
tuberculosis brings further evidence in favor 
of the above described pathogenetic X'iew. 
Experimental studies also support tliis opin- 
ion. The prevention and treatment of bron- 
chiectasis, therefore, consists essentially in 
the treatment of all infections of the respira- 
tory tract (chemotherapy') and in all measures 
that prevent retention of secretions and bron- 
chial obstruction, such as symiptomatic treat- 
ment, postural drainage, removal of foreign 
bodies, bronchoscopic aspiration, appropriate 
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pre- and postoperative care, etc. — Atelec- 
tasia fiilmomr y dilataddn hronquial-rela- 
ciones redprocas, R. F. Vaccarezza & J. M. 
Lesion, An. Cdted. de pat. y din. tuberc., 194S, 
S: 6. — (L. Molnar) 

Loeffler’s Syndrome. — ^Two cases of tran- 
sient pulmonary infiltrate with moderate 
eosinophilia are presented. The rapid dis- 
appearance of the infiltrations (two weeks) 
with complete restitutio ad integrum and the 
blood picture (4 per cent eosinophils, 26 per 
cent lymphocytes) excluded the possibility of 
a specific pulmonary involvement. No aller- 
genic factors, such as the presence ofascaris 
in the feces, could be demonstrated. One of 
the patients, however, had tuberculous peri- 
tonitis and the other had been previously 
exposed to tuberculosis. It is believed that 
in both cases the transient infiltrate was the 
expression of an allergy against "tubercle 
toxins .” — Coniribulo alio studio dei cosideiti 
“infilirati polmonari fugad,” V. Gramazio, 
Ann. 1st. Carlo Forlanini, 1942, 6: 237 . — 
(0. Simmons) 

Therapy of BroncUal Asthma. — ^An attack 
of broncliial asthma can be produced experi- 
mentally in a guinea pig by exposing the 
animal to the inhalation of a finely dispersed 
solution of histamine. Such a “histamine- 
asthma attack” may well serve for the study 
of the prophylactic or therapeutic value of 
different substances. Dioxyephedrine is par- 
ticularly efficacious against histamine asthma 
and the effect of this substance can be en- 
hanced further by addition of diphenyd- 
piperidicopropane . — Experimentelles zur Asth- 
maihsrapie, 0. Sckaumann, Miinchen. mcd. 
Wdinschr., 1942, 11: 742.--{G. Simmons) 

Pulmonary Acariasls. — Dming a two-year 
period the authors discovered that bronchial 
asthma was responsible for 48 per cent of 
respiratory cases and 21 per cent of all cases 
invalided out of the Army from their medical 
division. In general, the observations on 
these cases showed (1) the presence of eosin- 
ophilia, in some cases of a very high degree; 


(2) essentially negative past or family history 
of asthma or other allergic manifestations; 
(S) exclusion of alimentary parasitism by the 
usual pathological tests and (4) poor response 
to the usual medical treatment of asthma. 
Because of previous reports of success, a 
search was made for mites in the sputum- — and 
in 11 of 21 cases whose sputum was examined 
by a special technique the mites were found. 
They were mites of either iyroglyphus or 
tarsonemus. The radiological findings in 
these cases were typically those of fine, diffuse 
mottling, giving a ground glass appearance. 
Reexamination of the lungs after arsenical 
treatment showed a clear parenchyma. The 
treatment consisted in arsem'cals of the penta- 
valent variety and resulted in remarkable 
success — with a marked reduction in the 
eosinophilia as well as distinct clinical im- 
provement. The disability was acquired 
after the inhalation of mite-laden air. The 
majority of the patients had been exposed to 
dust emanating from rice, cereals, flour, sugar, 
etc. A few had worked in linen and leather 
goods depots. The frequent existence of 
tyroglyphid and tarsonemid mites in stores 
and stored products has been recognized. 
In conclusion the authors state that the pos- 
sibility that pulmonary acariasis may be re- 
sponsible for other respiratory disorders 
besides asthma should not be ignored and 
that the treatment of ail such cases, whether 
asthmatic or otherwise, by the administration 
of pentavalent arsenicals is worthy of con- 
sideration. — Pulmonary Acariasis: A Posdble 
Cause of Asthma, E. Soysa & M.D.S. Jaya- 
wardena, Brit. M. J., January 6, 1945, 1; 
l.~(P. H. Cohen) 

Parasitic Diseases of Lung. — ^In 2 people 
who had had long contact with animals (dogs 
and foxes) multiple round shadows of the size 
of a small nut and containing an irregularly 
limited denser nucleus were seen, localized 
near the pleura. Clinically there was acute 
onset of dyspnea and acute bronchitis. 
Similar pictures had been described pre\’iously 
and it was believed that they were due to 
pulmonarj’- localization of the ova of Taenia 
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solium. The autlior believes, liowevcr, that 
his 2 eases, as well as some of those d&scribccl 
as cysticorcosis, may have been due to the 
pulmonary localization of Pcnlaslomum den- 
ticidalim, an arachnoid, which often has man 
as an intermediate host. The larvae of this 
parasite m.ay reach the lung via the blood or 
the lymphatic system and die there (or in the 
liver), whereas ova of Taenia solium arc more 
frequently found in the brains and in the 
muscles . — Ztir Diffcrcnlialdiagnosc dcr para- 
sildrcn Lungenerkrankungen. Cijsticcrcosc- 
Pcntaslomiasis, F. Weiser, Bcilr. z. Klin. d. 
Tuberk., 19//2, 98: £39. — (G. Simmons) 

Ornithosis. — Ornithosis is a \nrus disease. 
Infections in human beings may occur by 
direct contact with infected birds, bj' inhala- 
tion of infected droppings or by contact with 
an infected person. The incubation period is 
probably eight to fourteen days. Tlie onset 
of the disease is usually abrupt, with high 
fever, headache, malaise, nonproductive 
cough. The physical findings arc fluctuating 
fever with relative bradycardia; rose spots 
have been obsen'cd. The pulmonary find- 
ings may vary from normal to frank consoli- 
dation, often migrating from one lobe to 
another. The white blood cell count is 
elevated at the onset but later on leucopenia 
may develop. The pulmonary roentgeno- 
logical findings may varj^ from increased hilar 
markings to migratory, patchy infiltrations or 
pneumonic consolidation. The duration of 
the febrile course varies from one to five weeks. 
The very severe form is accompanied by 
cyanosis and toxic cerebral s 3 'mptoms. It 
ends fatallj’- in 35 to 45 per cent. The most 
important diagnostic procedure is the isola- 
tion of the virus from the sputum by inocula- 
tion into mice. Until the fourth to tenth 
day the virus can be isolated from the blood. 
If no sputum is available the complement 
fixation test is the most reliable diagnostic 
procedure provided no infection with the 
virus of lymphogranuloma venereum is pres- 
ent since these viruses are antigenically 
related. There is no specific treatment for 
ornithosis. Experimental evidence points to 


penicillin .as a v.aluablo aid in ils llicrapj' while 
sulfonamides arc incfTcctivc. During the 
p.ast two years G sponidic ca.scs of atj’pical 
pneumonia were ob.scn’ed in Philadelj.hia in 
which a diagnosis of ornithosis could be made 
by means of the complement fi.xation test. 

A histor}’ of direct contact was obtained in 
2 ca.scs, in the remaining 4 cases daily exposure 
to pigeons had occurred. The sera of 14 
pigeons captured in Philadelphia were tested 
for the complement fixation titre to ornithosis. 
The test was positive in diagnostic dilutions 
in C pigeons. Infection of pigeons with or- 
nithosis averaging 40 to 50 per cent is prob- 
ably' of universal occurrence. I’niile cold 
agglutinins arc frequently' found in atyqjical 
pneumonia they' could not be demonstrated 
in cases of ornithosis . — Ornithosis as a Cause 
of Sporadic Atypical Pneumonia, D. C. 
Ijcvinson, J. Gibbs & J. T. Bcardicood, Jr., 

J. A. M. A., December 23, 19IiJ(, 126: 1079 . — 
(//. Abclcs) 

Treatment of Ornithosis. — A 43 j'ear old 
man who had a loft of homing pigeons took 
ill with fever, generalized aching and abdom- 
inal discomfort. Phy'sical examination re- 
vealed slight impairment of mental coordina- 
tion, photophobia, aty'pical consolidation of 
the left lower lobe, splenomegaly, gaseous, • 
abdominal distention and relative brady'- 
cardia. The white blood cell count was 9,200. 
X-ray examination of the chest revealed a 
central, pneumonic infiltration in the left 
lower lung. A specimen of the patient’s 
serum obtained on the fifth day' of his illness 
fixed psittacosis antigen in a dilution of 1 :2S6. 

On the fifth day of liis illness the patient was 
started on 100,000 units of penicillin daily. 
After the fifth day of treatment the tem- 
perature was normal. One month after the 
onset of his illness the patient returned to 
work. The wus of ornithosis was recovered 
from the spleen of one of the pigeons of the 
patient’s loft . — Human Ornithosis Treated 
with Penicillin, F. E. Turgasen, J. A. M. 

A., December SO, 1944, 126: 1150. — {H. 
Abeles) 
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Lymphogranuloma Venereum Virus Infec- 
tion of Respiratory Tract. — ^Aftcr re^^e\ving 
briefly the literature on experimental and 
human respirator}' infection with this virus, 
the author refers to liis axpcriences with the 
entity. In acute cases, whether by buccal or 
genital inv.asion of the virus, he has found in 
same cases the coexistence of tracheobroncliial 
signs, and in chronic cases, such as vulvar 
erosion, rectal stenosis, peno-scrotal elephan- 
tiasis, signs of intense pulmonar}' fibrosis and 
involvement of the mediastinal l}Tnph nodes, 
etc., without its being possible to relate it to 
tuberculosis, A case history is given of a 
46 year old mechanic who for some years had 
had an ulceration of the gum, slowly growing 
and resistant to all treatment. A positive 
Frei test was obtained and biopsy revealed 
I}'’mphogranuloma \drus in large quantities. 
The patient died of a hemorrhage from 
rupture of a branch of the internal ma-xillary 
artery, caused by extensive ulceration. Ne- 
cropsy showed intense fibrosis and nodulation 
of the right lung and marked fibrosis in the 
alveolar septa, formation of fibrous cortical 
and subcortical nodules and fibrosis and 
thrombosis of the vascular system in the left 
lung. The gum ulcer and the cerAUcal and 
mediastinal lymph nodes showed intense 
fibrosis. Great quantities of virus were 
found in all tissues studied. No erddence of 
cancer or tuberculosis was found. The 
author believes pulmonary infection by 
lymphogranuloma virus can be by direct 
mucosal extension from a lesion high in the 
respiratory tract, by the l5Tnphatics or by 
the circulatory system in wliich latter case 
the early symptoms are of the catarrhal 
type. — Infeccion del aparalo respiraiorio por 
el virm linfogramdoma venerea {L. V.), W. 
E. CouUs, Rev. chilena de hig. y med. prev., 
January, 1944, 6: 163 . — (/. S. Peterson) 

Acute Interstitial Fibrosis of Lungs, — This 
report adds another case of this rare pulmo- 
nary disease to the 4 already reported by Ham- 
man and Rich. A 47 year old Itahan-born 
male was admitted to the Peter Bent Brigham 
Hospital suffering from severe dyspnea and a 


dr}' cough. Physical examination revealed 
only a few transient rdles in the left axilla, 
but the heart was found to be slightly en- 
larged to the left and the pulmonic second 
sound was louder than the aortic. The finger- 
tips were clubbed. The patient had been in 
good health until four months before admis- 
sion, when the dyspnea was first noted. 
X-ray films of the chest showed extensive 
fine mottling of both lungs most marked in 
the upper lobes, findings suggestive of miliary 
tuberculosis. The tuberculin test (first 
strength), however, was negative and no 
tubercle bacilli were found in the sputum. A 
few days after admission fever developed and 
the respiration became rapid with marked 
cyanosis. Both legs became mottled and 
cool below the mid-calf. Many more pe- 
techia appeared over the abdomen and an- 
terior chest. Although oxygen administra- 
tion afforded temporary relief from the air 
hunger the patient died in respiratory failure 
eight days after admission. Two days before 
death a pleural friction rub was heard in the 
right axilla. At autopsy both pleural cav- 
ities were found to be obliterated by moder- 
ately dense fibrous adhesions. On section- 
ing, the lung surfaces presented the mosaic 
appearance of diffuse fibrosis with inter- 
spersed areas of emphysema and pneumonic 
consolidation. Microscopically there was 
striking and extensive interstitial fibrosis 
throughout both lungs. The alveolar walls 
were found to be greatly thickened by re- 
cently formed connective tissue and capil- 
laries. The aveoli were lined by very prom- 
inent epithelium and some contained cell 
debris and phagocytes. The bronchioles 
were relatively free from exudate. There 
was no bronchiectasis. Many of the small 
pulmonary vessels showed obliterative fibrosis. 
There was no evidence of tuberculosis. 
Except for some hypertrophy of the wall of 
the right ventricle the heart was essentially 
normal. The aorta contained extensive fri- 
able antemortem thrombus overlying and 
entering several of the intercostal arteries. 
The right iliac arteiy was occluded by ad- 
herent thrombus; a free thrombus partly 



38 


ABSTRACTS 


occluded the left iliac artery. Infarcts were 
found in the kidneys and pancreas. The 
resemblance of the present case to those de- 
scribed by Hamman and Rich is striking. 
The proliferation and prominence of the 
lining alveolar epithelial cells seem identical 
with the changes mentioned by the above 
authors. Apart from focal areas of terminal 
bronchopneumonia there were no stainable 
bacteria in the pulmonary tissue and there 
was no residuum of the type of inflammation 
usually produced by pyogenic bacteria. 
These negative findings also characterized 
the 4 previously reported cases. The etiology 
of the underlying pulmonary disease remains 
obscure. (Illustrated .) — Report of a Case of 
Acute Intersiiiial Fibrosis of the hungs, H. 
Eder, C. Van Zandt Hawn & G. Thorn, 
Bull. Johns Hopkins Hasp., April, 1945, 
76: 163.— (J. S. Woolley) 

Coccidioidin Tests and Pulmonary Find- 
ings. — Only since 1937 has it been recognized 
that C. immitis can cause a wide-spread, 
benign, pulmonary infection as well as the 
more severe coccidioidal granuloma with its 
50 per cent mortality. The demonstration 
that the minor respiratory illnesses often 
associated with erythema nodosum and 
commonly called “Valley Fever,” from its 
prevalence in the San Joaquin Valley of Cali- 
fornia, were due to C. immitis has stimulated 
wide-spread epidemiological study. A vari- 
ety of pulmonary manifestations have been 
reported in early coccidioidomycosis, namely, 
bronchial pneumonia, subacute and chronic 
cavitation resembling tuberculosis and calci- 
fied pulmonary lesions. The relationship 
of healed and calcified pulmonarj' lesions to 
positive coccidioidin skin tests forms the basis 
of this report. Skin testing for sensitmty to 
coccidioidin as a diagnostic aid or in epi- 
demiological sun'e 3 ’’s has demonstrated a sur- 
prisingly liigh incidence of reactors depending 
largely on the locality of the study. In fact, 
the testing of the school children of the Pima 
Indian Reservation of Arizona yielded such 
a liigh incidence of positive cutaneous reac- 
tions (90 per cent) that the test material was 


first thought to be nonspecific. However, 
the same antigen, when used in testing Phila- 
delphia children, gave no positive reactions. 
The clinical material for the present study 
came from Arizona, New Me.vico and the 
southern part of California. For routine 
skin tests, 0.1 ml. of a 1:100 dilution of 
coccidioidin (Smith) was used and the tests 
were read, together with controls, at twenty- 
four and fortj’^-eight hours. An area of 
erythema of 1 cm. or more was accepted as a 
positive reaction. Purified protein deriva- 
tive was used for the tuberculin skin tests. 
The lungs of autopsied cases were removed 
intact for roentgenological studies. In tliis 
way calcified and fibrotic areas were localized 
and then excised from the lungs and peri- 
bronchial lymph nodes. One-half of the ex- 
cised material was treated and injected into 
the testicles of guinea pigs and the remainder 
was decalcified and sectioned. Results: skin 
tests with coccidioidin were performed on 
1,165 patients. Of these, 302, or 25.9 per 
cent, were positive reactors. According to 
geographical distribution the incidence of 
infection was, in part, as follows: The San 
Joaquin Valley, 62.8 per cent; Arizona, 28 
per cent; and Te.vas, 35.7 per cent. These 
figures agree rather well with the known dis- 
tribution of endemic areas of coccidioido- 
mycosis. Appro.ximately 400 of these cases 
were tested vdth tuberculin. Comparative 
studies showed no cross-antigenic relation- 
ship between tuberculin and coccidioidin. 
Sldn antigens of other fungi (torula, asper- 
gillus, blastomyces and sporotrichum) pre- 
pared in a manner similar to that for coccidioi- 
din produced no skin reactions in patients 
sensitive to coccidioidin. Thirty-six patients 
upon whom skin tests had been done were 
examined by autopsy. Twenty-five had not 
reacted to coccidioidin. Four of these sliowed 
no calcified lesions. The remainder exhibited 
calcified areas of different sizes in various 
parts of the lung mostly in moderate numbers. 
Most of these lesions were interpreted as 
residual e\ddence of healed primary tuber- 
culous foci. The lungs of 3, however, sug- 
gested a healed miliary tjqje of tuberculosis. 
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Tubercle bacilli were not found in material 
from these cases. Two cases dying of ad- 
vanced coccidioidal granuloma were also 
negative to coccidioidin. This is not an in- 
frequent finding. Eleven cases with a posi- 
tive coccidioidin skin reaction djdng of inter- 
current disease were seen at autopsy. All 
showed some areas of calcification (or encap- 
sulated necrosis). In 9, endospores or spher- 
ules were found but only one positive culture 
for C. immitis was obtained. None showed 
tubercle bacilli. No clear clinical liistories 
suggestive of coccidioidomycosis infections 
had been obtained in these positive reactors. 
The calcified lesions were indistinguishable 
grosslj’’ from similar lesions of tuberculosis 
c-xcept that apical scars were not a part of the 
healed or arrested pulmonarj’’ phases of coc- 
cidioides. The histological pattern was es- 
sentially that of tuberculosis except for the 
presence of the spherules. The centres were 
caseous and contained small calcified particles 
and f^int outlines of necrotic lung tissue. 
Each lesion w'as surrounded by a dense, 
hyalinized, fibrotic capsule, e.xternal to which 
were collections of Ijrmphocjdes. The spher- 
ules, some containing endospores, were lo- 
cated in the capsules. In none of the animals 
injected with material from the healed lesions 
was a lesion of coccidioides or tuberculosis 
demonstrated. Undoubtedly most of the 
healed lesions were of tuberculous origin. 
Tliis would indicate that in healed tuber- 
culosis, as w'ell as healed coccidioidomycosis, 
the organisms are dead. This is another 
point in which these two diseases resemble 
one another. (With 5 plates .) — Healed or 
Arrested Pulmonary Coceidioidomyeom: Cor- 
relation of Cocddioidin Skin Tests with 
Autopsy Findings, E. M, Butt & A. M. 
Hoffman, Am. J. Path., May, 1945, 21; 4S5 . — 
(/. S. Woolley) 

Pulmonary and Meningeal Torulosis. — 
Very few cases of infestation of the lung by 
yeast cells are published. The author 
presents one case. The first symptoms ex- 
perienced by the patient, a w’oman of 45 
years, were severe headache, nausea and 


projectile vomiting. She had marked papil- 
lary' edema, moderate dj'spnea and cough. 
On auscultation subcrepitant and sibilant 
rMcs were heard over the middle portion of 
the right lung. The cerebrospinal fluid 
revealed yeast-like fungi which were diag- 
nosed as Torula histohjtiea {Cryptococcus 
histohjticus). In the culture the fungus grew 
in round cells with double membranes by 
budding only. The patient died in delirium. 
The autopsy showed abundant exudate in 
the subarachnoid spaces which w'as formed 
by peculiar polynuclear cells and macro- 
phages. In the right lung there w'as an 
abscess containing thick pus. In its wall and 
also in the neighboring pulmonary tissue 
isolated round fungus cells with double 
membranes were found. The tissue reaction 
to these fungus cells w'as similar to that ob- 
served in the infectious granulomata. Pri- 
mary pulmonary torulosis is rare, w'hereas 
the secondary form associated with cerebral 
infections is more frequent. This, the pa- 
tient presented. Pulmonary torulosis may 
simulate an abscess of the lungs. The pres- 
ence of yeast cells in the exudate and the 
absence of the diagnostic elements of tuber- 
culosis or neoplasm can lead to the diagnosis. 
The value of the specific vaccine in the treat- 
ment has yet to be proved . — Estudio clinico 
y anatomo-patologico de un caso de torulosis 
meningoencefalica y pulmonar, T. Castellano, 
Rev. Asoc. m6d. argent., November SO, 1944, 
58: 1051. — (TV. Swienty) 

Nontuherculous Pulmonary Calcification. — 
In the central eastern half of the United States 
there is an area of high prevalence of calcified 
pulmonary lesions. Many of these cases are 
negative to tuberculin and to coccidioidin. 
Tuberculin, histoplasmin tests and chest 
roentgenograms were done in 3,105 student 
nurses in Minneapolis and St. Paul, Minne- 
sota, Kansas City, Missouri, Kansas City, 
Kansas, Detroit, Micliigan, and Philadelphia, 
Pennsylvania. The tuberculin tests were 
performed with Purified Protein Derivative, 
the histoplasmin tests with 0.1 cc. of a 1 : 1,000 
dilution of a filtrate of broth culture of Histo- 
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plasma capsidatum. Seven hundred and 
eleven (22.9 per cent) showed a positive reac- 
tion, 61 (2.0 per cent) a doubtful reaction to 
histoplasiaain. Two hundred and ninety- 
four had pulmonary calcifications. Of these, 

21.4 per cent reacted to tuberculin. Of the 
remaining 231, 206 (70.1 per cent) had a posi- 
tive or doubtful histoplasmin reaction. Only 
25 (8.5 per cent) had a negative reaction to 
both tuberculin and histoplasmin. Among 
the nurses who reacted only to tuberculin, 

10.4 per cent showed pulmonary calcifications; 
among those who reacted only to histoplas- 
min, 31.1 per cent showed calcifications; 
among those who reacted to both antigens, 
36.1 per cent showed calcifications; among the 
2,141 nurses who were negative to both anti- 
gens,- only 25 (1.2 per cent) had pulmonary 
calcifications. The author draws the follow- 
ing concluaons: (a) Mild, probably subclin- 
ical infection with Hisicplasma capsidalum 
(or an immunologicaUy related organism) 
is nddely prevalent in certain states and rela- 
tively infrequent in others. 


those states in which the frequency of reac- 
tions to histoplasmin is high are those in which 
pulmonary calcification is also high, (c) 
A very high proportion of the puhnonary 
calcifications obsen’ed in roentgenograms of 
tuberculin-negative persons is due, not to 
tuberculoas, but probably to histoplasmosis. 
— Nonlnherc/itloiis Pulmonary Calcification and 
Sensilivily to Histoplasttiin, C. E. Palmer, 
Pub. Health Rep., May 11, 1945, 60: SIS . — 
(6. C. Leiner) 

Echinococcus. — ^A case of echinococcus C 3 ’st 
of the heart is presented. The clinical diag- 
nosis is based on characteristic roentgeno- 
scopic and roentgenographic erddence of a 
calcified cyst in the heart wall along with 
electrocardiographic evidence of m 3 ’'Ocardial 
changes and a positive intracutaneous test 
with echinococcus antigen in the absence of 
other types of cestode infestation. (Authors’ 
Summary ) — Echinococcus Cyst of the Heart, 
J. Zizmor & M. M. Szucs, Am. J. Roeni- 


(b) In general, A genoL, January, 1945, S3: 15. — (P. Lowy) 
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Inhalation of Cold Air. — ^Dogs were caused 
to breathe extremely cold air for periods 
ranging between twentrjf and one hundred and 
thirty-three minutes. The cold air was 
brought into the mouth of the animals 
through a vacuum-jacketed (Dewar) can- 
nula. The temperature of the air was be- 
tween —50 and -28°G. when it reached tire 
larynx. When the air reached the bifurcation, 
of the trachea it had been warmed to a tem- 
perature of above +18°C.; and when it left 
the lungs it was within 1 or 2 degrees of 
normal. The rectal temperature dropped 
in no animal. The only ill effects were hjTjer- 
actmty of tire mucous glands of the upper 
respiratory tract, coughing and hoarseness. 
One animal died of obstructive edema of the 
pharynx and larynx, caused by direct contact 
of the cold tip of the larjmgeal cannula with 
the adjacent tissues. In the animals which 
were Idlled between four and twelve hours 
after the exposure there was some edema of the 
mucous membrane of the larjmx, excessive 
secretion of mucus throughout larjmx and 
trachea, small plate-Iilce zones of atelectasis 
and subpleural zones of emphj’sema through- 
out both lungs. In tire animals killed twenty- 
four hours after exposure there was damage 
of laryngeal and tracheal epithelium, small 
plugs of mucus mixed v,ith desquamated 
epithelial cells in some of the smaller bronchi, 
plate-like atelectasis and emphysema. One 
animal killed forty hours after exposure 
showed less severe changes than the pre- 
wous animals. The e.xplanation of the rapid 
warming of inlraled cold air and of the oc- 
currence of relatively mild and localized in- 


jury following the inhalation of cold air lies 
in the fact that dry air has an extremely low 
heat capacity and that the number of calories 
required to produce a great rise in the tem- 
perature of dry air can be provided, .by the 
heat derived from the cooling of a small 
amount of tissue by a few degrees. From 
these experiments it may be inferred (a) 
that it is unlikely that significant injury to 
the air passages of men would result from the 
breatlung of air at any degree of coldness 
likely to be encountered in nonexpeiiroental 
conditions so long as it was inhaled through 
the nose or between partially closed lips and 
(6) that, even though extremely cold air were 
inimled rapidly through a widely opened 
mouth, it would be warmed to a point well 
above freezing by the time it reached the 
bronchi. — Effects of Cold Air on the Air 
Passages and L-imgs: An Experimental In- 
vestigation, A. R. Moritz & J. R. Weisiger, 
Arch. Int. Med., April, 1945, 7S: SSS. — (G. C. 
Leiner) 

Interstitial Emphysema and Subpleural 
Hematoma. — ^An 8 year old girl, who had been 
suffering from bronchial asthma for some 
years, had a severe asthmatic attack following 
which she complained of pain in her neck and 
chest; she developed dyspnea, swelling of the 
neck, a change of her voice. The diagnosis of 
subcutaneous, pulmonary' and mediastinal 
emphysema was made. Five days later an 
X-ray examination of the chest was done 
which revealed a triangular paramediastinal 
shadow above the right diaphragm. The 
shadow had disappeared ten days later. 
41 
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This shadow was believed to be produced by 
a subpleural hematoma. Two more cases of 
subcutaneous emphysema in bronclual asthma 
are described . — Uber interslitielles Emphysem 
und mibpleurales Hdmatom hei Asthma bron- 
chiale. Ein Beitrag zur Differentialdiagnose 
bet paramediasiinalem basalem "Dreieckschat- 
ten”, L. Wallden, Upsala lakaref. fork., 
June 15, 1943 , 47: 271. — (G. C. Leiner) 

Pulmonary Cysts. — Bronchopneumonec- 
tasis includes cysts of congenital (malforma- 
tions) and acquired origin (deformations), 
classified as bronchiectasis, pneumonectasis 
and bronchiolopneumonectasis. The authors 
divide congenital cystic malformations into 
six groups: (f) pulmonary agenesis, (2) 
hypoplastic bronchiectasis (cystic anaplastic 
lung), (3) displastic bronchiectasis, (4) dis- 
plastic bronchiolopneumonectasis (gaseous 
cysts), (-5) hyperplastic bronchiolopneumonec- 
tasis (polycystic lung), and (3) displastic 
pneumonectasis (bullous emphysema). In 
general it is difficult and sometimes impos- 
sible to know whether the disease is congenital 
or acquired. This is likewise true of the 
clinical-radiological differentiation of some 
anatomical types. Bronchiectasis and bul- 
lous emphysema are predominantly of the 
acquired form and perhaps gaseous cysts 
also. Infection may be the causal factor or 
merely a complication revealing the presence 
of bronchopneumonectasis. Infection is of 
considerable importance in the development 
of obstruction and the subsequent apparition, 
insufflation and suppuration of the gaseous 
cysts. Cyst formations are frequently present 
as potential cavities with walls relaxed or in 
position and therefore invisible in the roent- 
genogram or tomogram. The insufflation 
of air or an accumulation of secretions dis- 
tends the walls to form actual cavities. The 
rapid appearance and disappearance of a 
cavity as well as sudden modifications in its 
size are usual in bronchopneumonectasis. 
Complicating infection often renders appar- 
ent both clim'caliy and roentgenograpliically 
a previously silent bronchopneumonectasis. 
The disappearance of a cystic shadow fre- 


quently occurs during the resolution of an 
intercurrent infection. The narrow com- 
munications between gaseous cysts or em- 
physematous bullae and the bronchial air- 
way explain the frequent development of 
obstructive mechanisms whenever an inflam- 
matory process happens to alter the physical 
state of the mucous secretions. The preven- 
tion of intrac 3 'stic infection is based on the 
treatment of infection and bronchial ob- 
struction. Sulfonamides and bronchial drain- 
age are the two chief recoui-ses. The authors 
report in detail 10 cases, in 2 of winch pul- 
monary tuberculosis was a complication. — 
El factor infeccidn en las formadones qidsticas 
bronchopulmonares, R. Vaccarezza <fc J. 
Perondni, An. Cdted. de pat. y din. tuberc., 
December, 1943, 5: 199. — (R. Kegel) 

Concussion of Lung. — ^The frequent occur- 
rence of gross pathological changes in the 
lungs of soldiers djdng of wounds other than 
thoracic has stimulated this inquiry into the 
so-called “blast” lung. In a consecutive 
series of 87 autopsies, 30 instances of “blast” 
Iimg were found. All deaths were in soldiers 
who had serious head or abdominal wounds, 
and a few cases had severe burns. Although 
the method of wounding was unknoum in 7 
cases, it was felt that their lesions were iden- 
tical with those who were knoum to ha%'e been 
exposed to blast. None of the cases had ex- 
ternal evidence of damage to the chest, and 
none presented puhnonaiy hemorrhages. 
Some of the comatose cases did show fine 
rffles at the lung bases, but in many cases 
it was felt that the obvious injuries should not 
have killed the patient. X-ray studies con- 
sistently showed less abnormality than was 
seen at autopsy. The picture was that of a 
scattered bronchopneumonia. It is difficult 
to diagnose the condition clinically, but it 
may be suspected in any patient who shows 
typical X-ray lesions of a patchy broncho- 
pneumonia without phj'sical signs of such, 
and whose other woimds are of such a nature 
that his condition should be better than it is. 
All variations in extent of the lesions were seen. 
When the im-olvement was mild, the lesions 
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■were confined to the lower lateral portions of 
the lung. In the severe cases several or all 
lobes were involved. Grossly' the hemor- 
rhages varj' from pinpoint to largo confluent 
areas. Subpleural hemorrhage was seen ten 
times. ^Microscopically intraalveolar hemor- 
rhages and congestion of the capillaries stood 
out. Bronchopneumonia was superimposed 
four times. Other organs showed similar 
hemorrhages in 10 cases. — Pulmonary Con- 
cussion {"Blast") in Non Thoracic Battle 
Wounds, 0. Savage, Lancet, April 7, 1945, 
248: 494- — (N. Marcus) 

Air Embolism. — Pulmonary emboli may 
arise in the pulmonary veins in connection 
with practically everj' form of injury to 
these vessels. This type of embolism occurs 
relatively frequently in connection with 
artificial pneumothorax either through air 
being injected directly into a vein or by air 
in the pneumothorax cavity pouring into an 
injured vein. Since negative pressure often 
prevails in the pulmonary veins, air can be 
sucked into them, for example, on injury to a 
vein on the surface of the lung in plemal em- 
pyema or on puncture of or incision in the 
pulmonary parenchyma. On the basis of 
experiments on rabbits it was found that the 
average pressure in the left ventricle during 
inspiration was lower than the atmospheric 
pressure, regardless of the position of the ani- 
mal. The experiments also indicated that 
the pressure was lower in the parts of the pul- 
monary veins above the level of the heart 
and that therefore air embolism was more 
likeb’^ to arise if the lesion was situated liigh 
up in relation to the heart. Judging by ex- 
perimental and clinical experience, the site 
of the air emboli in the systemic circulation 
is liighly dependent on the position of the 
body when the embolism develops. The 
dangerous symptoms are caused by emboli 
in the coronary circulation of the heart and 
in the cerebral vessels. In experiments on 
cadaver specimens, the risk of embolism in 
these vessels was found to be least in the 
supine position with the head elevated about 
30 degrees. In this position, nearly all the 


air followed the blood-stream through the 
aorta and only veiy small amounts of air 
passed to the coronary vessels and the carot- 
ids. The air does not pass through the 
ordinary capillaries in the systemic circula- 
tion, but onlj’- through relatively wide ar- 
teriovenous anastomoses. Most of the air is 
absorbed from the precapillary vessels and 
thus does not reach over to the venous part 
of the circulation. This absorption occurs 
within an hour or so. Due to conglutination 
of corpuscles, the interruption of the circula- 
tion may continue even after the air has 
been absorbed. The symptom picture is 
generallj’- dominated either by cardiac dis- 
order or by signs of cerebral irritation or dys- 
function. Quickly changing anemic or cya- 
notic patches on the skin and sharply outlined 
anemic areas on the tongue are sometimes of 
great help in the diagnosis. Air can be dem- 
onstrated by ophthalmoscopy soon after em- 
bolism has developed. Death occurs soon 
after the attack, a few hours later, or in occa- 
sional cases a day or so later. The patients 
who recover generally show no permanent 
ill effects. In order to reduce the risk of air 
embolism in irrigation of an empyemic cav- 
ity, provision must be made for the free es- 
cape of the air and water beside the tube or 
sj'ringe used for irrigation. The patient 
should lie so that the cavity being irrigated is 
below the level of the heart. Punctures in 
the pulmonary parenchyma should also be 
made below the level of the heart. If blood 
is secured in the syringe on pneumonocen- 
tesis, it is dangerous to extract the needle 
before the patient has been placed so as to 
bring the site of the lesion below the heart. 
The use of a thermocauteiy instead of a knife 
to make the incision reduces the risk of air 
embolism. The thermocautery should be 
faintly glowing. Positive pressure respira- 
tion prevents air embolism from outside air, 
but does not prevent it from developing as a 
result of a bronchovenous communication 
produced, for example, by puncture through 
the pulmonary parenchyma. The treatment 
of air embolism should first be directed at 
preventing the formation of new emboli. 
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Artificial respiration can then be given, if 
indicated. O-vj^gen respiration and heai-t 
tonics probably have a favorable effect by 
facilitating the absorption of the air emboli. 
It is uncertain whether heart or vascular 
tonics or vessel-dilating preparations can 
hasten the passage of the air through the 
narrow vessels of the peripheral circulation. 
Nineteen cases of air embolism or suspected 
air embolism are described. All of them 
occurred in hospitals in Sweden during the 
years 1925 to 1938 in coimection with the 
treatment of pleural empyema, with puncture 
of the lung for pulmonary abscess and with 
lobectomy or pneumonectomy. The rate of 
fatal air embolism in the treatment of pleural 
empyema in this material was at least 0.1 per 
cent and probably higher. The correspond- 
ing figure in puncture of the lung for pul- 
monary abscess was about 3 per cent. 
(Author’s Summary .) — Gas Emhalism Origi- 
nating in the Pvlmonry Veins, V. Bohr, 
Upsala l&karef. fork., January 15, 1944, 
49: 959. — (G. C. Leincr) 

Pulmonary Emboli. — Of 154 cases of death 
diagnosed as due to pulmonary emboli the 
diagnosis was confirmed by autopsy in 132 
cases. In 22 no embolus was found, whereas 
in 90 in which emboli had not been suspected 
clinically, they were found on autopsy; 133 
of these cases came from the Surgical Seivice 
and the correct diagnosis had been made in 
102 cases (32 had not been recognized clin- 
ically and 15 could not be confirmed by^ au- 
topsy). On the Medical Service the correct 
diagnosis was made in 30 cases, emboli were 
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not diagnosed clinically in 52 and in 7 the 
diagnosis could not be confirmed on autopsy. 
Out of the 22 cases of false embolic syn- 
dromes the real cause of death was: 


Surgical cases ; 

Acute pulmonary edema 3 

Pulmonar 5 ^ tuberculosis 1 

Subacute bacterial endocarditis 1 

Cardiac failure 1 

Ruptured heart aneurysm 1 

Bronchopneumonia 7 

Undetermined 1 

Total 15 

Medical cases; 

Mitral disease 2 

Cardiac malformation 1 

Bronchopneumonia 2 

Undetermined 2 

Total 7 


Clinically the diagnosis of pulmonary em- 
bolus was missed in 149 cases and death was 
ascribed to uremia, myocarditis, cardiac 
failure, cachexia, etc. It appears that, al- 
though false embolic S 3 mdromcs do occur, 
they are much rarer than would appear from 
the literature. On the other hand, the great 
number of cases clinically not diagnosed 
correctly indicates that a pulmonary embolus 
not always assumes the classical dramatic 
picture. An embolus was lodged in the main 
trunk of the pulmonary arterj’ 104 times and 
55 times emboli were found simultaneousb’ 
in the left and the right branches . — Quelgves 
reJlcxio7is a propos d’unc slatislique do 222 cas 
d’cmbolies 2 '>nlmonaircs morlclles avtopsiies a 
I’histiUit d' Anatomic Pailwlogiqxic de Sirass- 
boxirg de 1D2G & 193G, L. GCry, R. Fontaine 
& E. Blum, Presse mid., April, 1940, No. S5, 
S90.~—(G. Simmon.^) 

Endobronchial Foreign Bodies. — In order 
to remove magnetizable foreign bodies from 
the stomach and tracheobronchial tree a 
magnet of cast alnico was used. Alnico is an 
alloy of aluminum, nicJml, cobalt and iron. 
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The inaninct is 3.0 cm. in Icnpith, 0.5 cm. in 
riinmclcr and is uttaclicd to a I>cvinu tube 
thrxni.cli which a metal stylet has been in- 
serted. If neccsAiry, an intlatinc; mechanism 
can be attached to the other end of the Ixivinc 
tube. Tlio use of the mnpnct is illu.stmtcd by 
a report of the romoaid of a hairpin from the 
stomach of a baby.— .4 A'cic ^fagnd for 
Foreign Hcxlicr in (he Food and .-Itr Passages, 
M. Faticn, J. .1. df. .4., Jamtari/ IS, 10/, 5, 
12T: e7.— (//. .46r!cs) 

Bronchogenic Cnrclnonm in Tuberculosis 
Hospital. — During a ten-year period, 12 cases 
of proved primarj’ bronchogenic carcinoma 
were admitted to the Norfolk County IIos- 
piUil for Tuberculosis. The rao.st important 
conclu.sions to be drawn from these c.a.scs 
were th.at there are no certain diagnostic 
features which difTcrentiate tubcrculo.sis and 
other chest diseases from carcinoma. All 
BjTnptoms and signs found in suppurative 
cliest dis»sc3 or in tuberculosis may be pres- 
ent in malignant disease. The X-ray find- 
ings, infiltration, atclcctisis and cavitation, 
arc common to all diseases of the lungs. For 
this re.ason it is of prime importance to insti- 
tute broncho.scopy just as soon as carcinoma 
has been considered in the diiTcrcntial diag- 
nosis. It is unwise to await the result of 
sputum cultures and guinea pig inoculations, 
because the time intcra-al between the sus- 
picion of carcinoma and bronchoscopy should 
be days and not weeks. If bronchoscopy is 
inconclusive, further diagnostic measures arc 
immediately indicated. — The Differentiation 
of Bronchiogcnic Carcinoma and Pulmonary 
Tuberculosis, N. R. Pillsbury & J. D. TFosser- 
sug, New England J. Med., March S, 19/i6, 
232: 37G.—{H. Marcus) 

Tumor of the Alveoli. — The tumor of the 
alveolar cells, also called diffuse or multiple 
primary carcinoma, is extremely rare. Only 
40 cases have been described. The inlra 
viiam diagnosis generally is lobar pneumonia, 
miliary tuberculosis or tumor-metastasis. 
The case described by the author was diag- 
nosed even during the autopsy ns bilateral 


pneumonia. The patient had suffered frem 
a slight cough for several months. During 
the last fifteen days of his life he had a very 
severe cough and high temperature. The 
diagnosis was bilateral pneumonia. The 
nutop.sy showed almost complete hepatization 
of both lungs. The color was a yellowish 
gray. The mediastinal lymph nodes were 
smidl and showed only some anthracosis. 
The bronchi contained abundant mucopuru- 
lent secretion. In the liver several foci of 
various .size, but perfectly round, were found. 
These also were of a gray-yellowish color. 
Only this accidental finding gave rise to the 
suspicion that the process in the lung was 
malignant. Microscopic examination showed 
that in the afTcctcd regions the alveolar linings 
were invested by a layer of tumor cells. The 
tumor cells themselves were atj’pical and 
rarely .showed mitosis. Their form was from 
cubic to high-prismatic. They were non- 
ciliated and had a basophilie protoplasma. 
Nowhere would those cells invade the connec- 
tive tissue. The nodules in the liver were of 
exactly the same stnicture. The neoplastic 
tissue extended over great parts of tlie lungs, 
but no primary tumor was found. The his- 
tological stnicture is definitely distinct from 
the more common bronchogenic carcinomata. 
Despite the mde-spread disease of the lungs 
the extrapulmonary metastases were insig- 
nificant, although in this case they allowed the 
author to make the correct diagnosis. The 
genesis of these tumors is disputed. No 
jirimary focus can be found and probably 
the dise.aso has multiple primary centres. 
The majority of the authors accept the theory 
that the tumor starts frorn the alveolar epi- 
thelium. It has been proved in animal ex- 
periments that certain cancerogenic sub- 
stances can produce atjTiical neoplastic 
changes in the alveolar epithelium. There is 
a certain resemblance to epizootic adenoma- 
tosis (jaagziekte), which causes very similar 
lesions in the lungs of cattle. Its cause is 
probably a filtrable virus. — Sabre un caso de 
tumor de las cehdas alveolarcs del pulmon, F. 
Wenger, Prensa mid. argent,, January 5, 
19/fS, 32: 44- — {W. Swieniy) 
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Carcinoma of Lung. — ^An anal 3 'sis is pre- 
sented of ISl consecutive cases of primaty 
carcinoma of the lung in which operation 
has been performed over a period of eleven 
years. Seventy-one cases, or 39 per cent, 
have been operable, whereas 110 cases, or G1 
per cent, were inoperable at the time of ex- 
ploration. The distribution according to 
sex showed a sLx to one ratio in favor of the 
male. The age incidence did not differ to any 
great e.xtent from the age incidence of malig- 
nant growths elsewhere in the body. The 
agns and symptoms were, in order of fre- 
quency, cough, hemoptj'sis, pain, loss of 
weight, hyperpnea, pneumonitis, fever, tight- 
ness in the chest. Not onl}’^ the development 
of a cough but also changes in the character 
of a pree-xisting cough are significant findings. 
The pain is usually described as a constant dull 
ache deep in the chest. The hjqjerpnea is 
paroxysmal in character. It may possibly 
be expltuned by a plug of mucus occluding a 
bronchus at the site of a tumor and causing 
obstructive emphysema. There are no char- 
acteristic signs and symptoms of primary 
carcinoma of the lung but their recurrent 
nature demands an early, thorough inves- 
tigation of the respiratoiy tract. The roent- 
genogram of the chest is the most important 
method for the diagnosis of primary pul- 
monary carcinoma. Positive findings were 
obtained in all cases. They may be caused 
by the tumor itself or by secondary changes 
such as atelectasis, bronchiectasis, pneumonitis 
or abscess. Next to the roentgenogram, 
bronchoscopy is the most important ex- 
amination. It revealed a bronchogenic car- 
cinoma confirmed by biopsy in 61 per cent of 
the patients in this series. If the growth 
cannot be seen, fixation or deformity of the 
bronchial tree may give valuable information. 
There were no untoward effects due to the 
bronchoscopies. Bronchography may be use- 
ful to demonstrate occlusion of a bronchus 
which does not produce a shadow in the roent- 
genogram. It was not necessary to resort to 
bronchography in this series. Aspiration 
biopsy should not be used since it is generally 
uninformative and very dangerous. Ex- 


ploratory thoracotom}' was performed in 25 
cases in which no definite diagnosis could be 
made bj’- other means. If palpation or ob- 
sen'ation do not reveal the true nature of a 
lesion excision of the involved area should be 
carried out. There was no complication 
following this procedure. The pathological 
examination revealed two tj'pes of lesions. 
The majority of the tumors occurred at or 
adjacent to the hilum. They were of bron- 
chogenic origin. Thej' grew either intra- 
bronchially into the lumen of the bronchus 
and toward the trachea ariang from the 
bronchial mucosa or thej’' grew along out- 
side of and around the bronchus originating 
e.xtrabronchially in the wall of a smaller 
bronchus and breaking through its wall. 
The minority of the tumors occurred in the 
periphery of the lung. Thej'' grew centrif- 
ugallj’’ apparentl}’’ arising in the alveolar 
lining cells. The first symptoms produced 
bjr a primmy carinoma of the lung depend 
upon the type of tumor. The peripheral 
tumors may remain asjnnptomatic until they 
invade the pleura, the chest wall or the 
brachial plexus. The hilar tumors of the 
intrabronchial tjqje will cause respiratory 
symptoms, the ones of the extrabronchial 
tj^e will interfere with the function of the 
mediastinal structures. In 70 per cent of the 
patients on whom pneumonectomy was per- 
formed there were metastases to the bronchial 
and tracheal Ijmph nodes which were removed 
together with the affected lung. In 110 cases 
that were found to be inoperable at the time 
of exploration, in addition to regional metas- 
tases there were metastases in other organs. 
hCcroscopically, 64 per cent of the tumors 
were classified as flat or squamous cell car- 
cinoma and 36 per cent as adenocarcinoma; 
the latter group included the adenocarcino- 
mata, oat cell tj^pes and cylindric cell car- 
cinomata. The prognosis as to the length of 
life was better in the group of patients with 
a tumor of the flat or squamous cell type. 
The only efficacious treatment of primary 
carcinoma of the lung is pneumonectomy 
with removal of the regional l 5 mph nodes. 
Medical therapy is only palliative, radiation 
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therapy is of no benefit. During a period of 
eleven years 71 pneumonectomies were per- 
formed fot carcinoma of the lung. The post- 
operative mortality rate was 21 per cent. 
With the improvement of technique and the 
use of chemotherapy a decrease of the post- 
operative mortality rate can be expected. — 
The Present Status of the Surgical Treatment 
of Primary Carcinoma of the Lung, W. F. 
Rienhoff, Jr., J. A. M. A., December SO, 1944, 
126: llSS.—iH. Abeles) 

Primary Lung Cancer. — In the Mexico 
City General Hospital a special service for 
nontuberculous diseases of the chest has been 
founded. Systematic X-ray examinations, 
iodized oil studies and bronchoscopy are done 
in every patient between 40 and 60 years of 
age who presents s3miptoms of chronic non- 
tuberculous bronchopulmonary disease. Oc- 
casionally, thoracocentesis and biopsy have 
been necessary to establish the diagnosis. 
Within three years 48 cases of pulmonary 
carcinoma were detected. The diagnosis 
has been confirmed either by biopsy or by 
autopsy. Among the 48 cases, 36 (75 per 
cent) were men and 12 (25 per cent) were 
women. The ages ranged from 33 to 68 
years with an average of 53 years. The 
younger patients showed extensive and early 
metastasis which led rapidly to the fatal con- 
clusion. The only symptom o<' one 33 ‘year 
old patient was pain in the right arm produced 
by pressure on the brachial plexus by early 
metastasis in the supraclavicular ganglia. 
The primary neoplasm was found in the mu- 
cous membrane of the right upper bronchus. 
Death occurred after four months. Older 
patients showed a relative tolerance to the 
disease. A man of 64 years had signs and 
symptoms of bronchial carcinoma seven 
years prior to his admission. But thorough 
exploration of the mediastinum during opera- 
tion did not reveal any metastasis. The 
localization of the primar}'^ neoplasm was in 
the right hemithorax in 30 cases (63 per cent), 
in the left chest in 17 cases (35 ])er cent) and 
in the trachea in one case. In 36 cases, the 
site of the tumor was established by bronchos- 


copy; 16 cases showed localization in the 
right lower bronchus, 18 in the right upper 
bronchus, 10 in the left lower bronchus, one 
in the left upper bronchus and one case in the 
trachea. Three cases of high localization and 
early supraclavicular metastdsis were charac- 
terized by pain in the shoulder, Horner’s 
syndrome, atrophy of the muscles of the hand 
and destructive processes in the ribs or in the 
neighboring vertebrae. Etiologically tobacco 
abuse is of importance, as it was found that 
all cases presented by the authors were heavy 
smokers. Bronchial carcinoma does generally 
not produce early metastasis. The time for 
surgical intervention (between the beginning 
of the disease and the appearance of distal 
lesions) is therefore long. Metastases takes 
place via lymphatics or blood-stream. The 
latter explains the frequency of cerebral 
metastasis in cancer as well as in pulmonary 
abscess. The localization of the metastases 
was generally in the mediastinum and supra- 
clavicular lymph nodes, in the liver and in 
the brain. There was generalized carcinoma- 
tosis in one case. The majority of the cases 
had come to the authors after they had been 
treated for pulmonary tuberculosis for a long 
time. The main symptoms which made it 
possible to make the correct diagnosis were 
persistent cough with blood-tinged sputum 
or repeated hemoptysis. Only 30 per cent 
of the cases did not have blood in the sputum. 
Dyspnea and pain, slight afternoon tempera- 
ture are almost constant sjunptoms and arc 
explained by the presence of pulmonary' sup- 
puration, bronchiectasis or abscess carities. 
The examination shows atelectasis or pul- 
monary' consolidation with e-xudative broncho- 
alveolitis, dcstmction of parenchyma with 
suppuration, dilatation of the bronchi and 
pleural thickem'ng. All operative and 
autopsy' specimens showed that the tumor 
started in the bronchial mucosa, generally at 
the branching point of a primaiy or secondary 
bronchus. Bronchoscopy' showed two main 
types of tumor: a poly'pous tumor which ob- 
structed the bronchial lumen or an infiltrat- 
ing tumor with irregular thickening of the 
bronchial wall and concentric stenosis. The 
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differential diagnosis has to exclude tuber- 
culosis, syphilitic modiastinitis, scars from 
chest ivounds, congcntial stenosis or benign 
tumor. A biopsy by lung puncture has been 
done four times and has given positive results 
in two: one sarcoma and one carcinoma. 
The prognosis is always fatal. Deep X-ray 
and radium treatment were of no benefit. 
Endoscopic resection is of no avail, as the 
endobroncliial portion of the tumor is only 
small in comparison with the peribronchial 
process which cannot be removed. Pneu- 
monectomy or lobectomy are the operations 
of choice. The3'’ should be done early. The 
increase of pulraonarj' cancer is due, in the 
authors’ opinion, to improvement in diag- 
nostic methods and not to factors depending 
upon modern ciadlization. — Nucstra esperi- 
encia en el cancer primitivo puhnonar, J. 
Gonzalez M. (& A. Cclis, Rev. mex. dc iuherc., 
Map-Junc, 1944, <?•* 99. — (IF. Sivicnty) 

Transthoracic Biopsy in Cancer of Lungs. — 
The symptoms of early cancer of the lungs are 
intense cough, broncliial catarrah with mu- 
cous hypersecretion, frequent attacks of 
asthma and dyspnea, repeated and sometimes 
abundant hemoptysis. Sibilant rdles and 
rhonclii are generally present but may be 
absent if the tumor is situated in the pe- 
riphery. The late complications and their 
symptoms are atelectasis, abscess, suppura- 
tion, pleural pain and e.xudate, compression 
of the mediastinal structures and distant 
metastasis. Bronchopulmonary carcinoma 
may be mistaken for tuberculosis, pleurisy^ 
lung abscess or gangrene. In the absence of 
pathognomonic X-ray findings these errors 
are understandable. It is important to make 
the correct diagnosis early. Malignancy 
must always be considered if a patient of more 
than 40 years of age has symptoms of per- 
sistent bronchial irritation and pulmonary 
tuberculosis has been ruled out. For earlj’’ 
diagnosis sputum examination, bronchog- 
raphy, bronchoscopy, planigraphy and bron- 
choscopic biopsy are necessary. Other diag- 
nostic procedures of value are exploratory 
thoracotomy and aspiration biopsy. There 


are conflicting opinions about the advantages 
and dangers of the biopsj'^ by transthoracic 
.aspiration. The authors hare not seen any 
untoward effects in their cases. In all oper- 
able cases thoracotomj’' should be done. 
Aspiration by biopsy is necessarj' where the 
bronchoscopy and the sputum examination 
give negative results. In the very' early 
stages of bronchopulmonary malignancy', 
there are not enough diagnostic criteria to 
warrant an exploratory thoracotomy. In the 
late stages the tumor may be inoperable due 
either to its extent or due to metastases. In 
all these eases the authors use the tons- 
thoracic aspiration biopsy. Seven cases are 
presented. Six were more than 50 y'ears of 
age and one 36 years. Six had blood tinged 
sputa, one hemopty'sis from the beginning. 
All had pain in the affected hemitliorax. 
One case simulated a pulmonary suppuration, 
one a pleurisy and 5 pulmonary tuberculosis. 
Of the latter, 2 were treated with pneumo- 
thorax, one with phrenempbraxis, one m'th 
gold salts and one m'th rest. In these cases 
no endobronchial lesion could be found. In 
6 eases the allergy to tuberculin was low. In 
all 7 cases the .aspiration biopsy' proved the 
diagnosis. Six were epidermoid epithelio- 
mata and one an adeno-carcinoma. — Can- 
ceres pulmonarcs siimdando diversas nenmo- 
palias, Su diagnostico por punexon transtora- 
cica, A. Fernandez Conde & R. Meneses 
Manas, Rev. citbana de inhere., Octoher-Decem- 
ber, 1944, S: 571. — (TF. Svneniy) 

Metastatic Cancer. — The roentgenological 
appearance of lymphatic spread of metastatic 
carcinoma is characterized by diffuse linear 
densities and fine miliary' nodules invohdng 
mostly the lower and central portions of tlie 
lungs. In most cases the hilar nodes are in- 
vaded and enlarged. As a rule, both lungs are 
equ.ally affected; sometimes, particularly' if 
the primary tumor is in the lung, the lym- 
phatic spread is limited to, or predominant 
on, one side. In the absence of known pri- 
mary carcinoma, the roentgenological diagnosis 
may' be difficult and a number of conditions 
(miliary tuberculosis, pulmonary edema and 
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congestion, sarcoidosis, pncumonoconiosis, 
bronchiectasis, etc.) linvc to be excluded 
before arriving at the diagnosis of lyniphan- 
gilic carcinoma. In 70 per cent of the eases 
the primarr- tumor arises in the stomach. 
It is generally believed that the carcinoma 
cells reach the hilar nodes through (he cfTor- 
onl, and not through the afi'erent, lynijihaties. 
Of the two Ijmiphatic systcm.s of (he lung, the 
deep (inlraiiulmonarj-) and the superficial 
(plcuml), the former is predominantly in- 
volved. Macroscopically, the affected lym- 
phatics appear ns gray lines, arranged in a 
Tnos;uc pattern: the bronchi and blood vessels 
arc surrounded by a cuff of tumor. In micro- 
scopic sections the hmiphatics are dilated and 
contain metastatic carcinoma cells. In some 
eases, wide-spread arterial involvement is 
present. With multiple tumor cell emboli, 
there is fibroblastic reaction in the adventitia 
and intiraal thickening. The clinical sjanp- 
toms of lymphangitic carcinosis (dyspnea, 
cyanosis, cough, cachexia) arc frequently so 
severe as to overshadow those caused by the 
primary' tumor. Oceasionally right heart 
failure sets in. The clinical, roentgenological 
and pathological findings in 10 cases of 
lymphangitic pulmonary' carcinosis arc pre- 
sented. It seems e\'idcnt that the roent- 
genological manifestations are caused by the 
earcinomatous ch.anges in the Ij'mphatic sys- 
tem. — Roentgenologic Appearance and Palh- 
ology of Intrapuhnonanj Lymphalic Spread 
of Metastatic Cancer, II. P. Mvcllcr & R. 
C. Sniffen, Am. J. Roentgenol., February, 
19/, S, 53: 109.— {P. Lowy) 

Hemosiderin Formation in Lung. — Three 
groups of rabbits were injected intratracheally 
with homologous blood, hjTrertonic dextrose 
solution and a mixture of the two. The 
lungs were examined after varying intervals. 
It was found that within four hours after the 
introduction of whole blood, hypertrophy, 
hyperplasia and desquamation of the alveolar 
lining cells occurred, reaching a peak in 
twenty-four hours and then receding. The 
red cells were disposed of rapidly, in part and 
perhaps entirely through the phagocytic 


aern'ity of the activated alveolar lining cells, 
and there was no local hemosiderin formation. 
Hypertonic dextrose alone produced a transi- 
tory pulmonarj' edema and hyperemia for as 
long as twenty-four hours, with mild stim- 
ulation of the lining cells. A mixture of dex- 
trose and blood produced a more pronounced 
lining cell activation and exudative response 
than that c.auscd by either alone, and many 
intact eiythrocytcs were found in the alveoli 
after the second day. Hemosiderin was first 
observed after twenty-four hours ns a faint 
blue discoloration (Gomori stain for hemosid- 
erin) in the cytoplasm of the macrophages, 
both those free in the lumen and those at- 
tached to the septal wall. It gradually as- 
sumed a granular character and, by the end 
of a week, was seen as dark, compact blue 
masses. After the fourth day' most of the 
intact red cells and free macrophages had dis- 
appeared. Those macrophages which re- 
mained attached to the septal walls appeared 
to undergo retrogression in size and w'ere 
susceptible to reactivation as long as fourteen 
d.ays after an episode of phagocytic activity. 
The liypertrophy and phagocytic acti\nty of 
the alveolar lining cells apparently do not 
constitute an irreversible change so long as 
they retain their septal attachments. — 
Formation of Hemosiderin in the Lungs: 
An Experimental Shidy, G. Strassmann, 
Arch. Path., August, 19/,/,, 38: 76. — (H. G. 
Freiman) 

Thoracic Sarcoidosis. — The cutaneous le- 
sions known as lupus pernio and the systemic 
disease known as sarcoidosis were first de- 
scribed as a clinico-pathological entity by 
Schaumann, who also called attention to the 
similarity between the X-ray appearance of 
chronic miliary tuberculosis and certain cases 
of sarcoidosis. It is now recognized that the 
histological unit of sarcoidosis is the “hard 
tubercle.” It has been repeatedly shown that 
sarcoid tissue ultimately replaces lymphoid 
structures, and its predilection for the lym- 
phoid tissue in the interlobar septa accounts 
for the diffuse streaking seen in the pulmonary 
roentgenogram. There may be extensive in- 
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filtrations and minimal or absent pliyeica! 
signs and symptoms. In some cases tlic 
radiograpliic shadows diminisli or even com- 
pletely disapj)car while in others they maj' 
persist without apparent change lor manj' 
years. It is possible that a largo mimber of 
cases of chronic or licalcd miliar 3 ' p»!monar 3 ’ 
tuberculosis belong in this group. The aver- 
age inteta'al required for tlic lesions to dis- 
appear completely or almost completely is 
twentj'-two months. After the clearing of 
the pulmonary infiltrations, recurrences arc 
rare, but the apjicarancc of new lesions, as 
hilar adenopathy is decreasing, is common. 
The heart is not infrequently involved, and 
there may be right heart failure duo to 
diffuse pulmonarj’ sarcoidosis, ^^^nlc the 
recognition of myocardial and pericardial 
lesions is often impossible during life, numer- 
ous cases of cardiac enlargement have been 
described which in the absence of murmurs or 
hypertension may represent myocardial sar- 
coidosis. Two cases in the authors’ group 
developed cardiac enlargement while under 
obsenaation. Twelve cases arc presented, 
illustrative of the varied, but most frequent 
roentgenological appearance of thoracic sar- 
coidosis. Only cases confirmed by histolog- 
ical examination are included. For con- 
venience they are grouped according to the 
roentgenological appearance when first seen. 
These groups demonstrate the chronicity and 
variable degrees of progression of the disease 
and also the definite tendency to complete 
healing; the hilar adenopathy and pulmonary 
infiltration of strand-like, reticulated, miliary, 
nodular or confluent tj’pe; the recession of 
Mlar adenopathy with the extension of 
parenchymal infiltrations and vice versa. 
Involvement of the heart is suggested in 2 
cases by the changes in size and shape of the 
cardiac shadow. Because of the roent- 
genological resemblance between sarcoidosis 
and other conditions, especially tuberculosis, 
diagnosis from X-ray studies alone is not 
justified. Histological findings should be the 
basis of diagnosis . — Thoracic Manifeslaiions 
of Sarcoidosis, S. S. Bernstein & M. L. Suss- 


man, Radiology, January, 44: S7 . — 

(f?. I'\ mtchcll) 

MctnbollEm In Boccks’ Sarcoidosis.- — Sar- 
coido.ris is con.sidcrcd a generalized, .'W’.stcmic 
disease. The skin le.sions were the first to be 
dc.scribcd, iScJiaumann was the first to sec 
.all the nmiitfcsUition^ ns one disaitv, to 
realize that it maj* exist valhout (he skin 
Icsion.s, and that l^’mph nodc.s, tonsils, spleen, 
bone marrow and lungs arc frequentij’’ in- 
volved. Bcccnll}’ pulmonarj' lesions, with or 
without lymj)h node enlargement, liavc been 
rcjwrtcd that have ch.aracteri.stics in com- 
mon. Pinner reported .similarities in manj' 
cases diagnosed as Boccks’ .sarcoidosis, uveo- 
parotid fever, Mikulicz’s sjmdromc, osteitis 
lubcrculosca multiplex ajsloidcs and a number 
of disseminated and Ijanph node lesions. 
The ctiologj’ of the condition remains un- 
settled. Pinner regards sarcoidosis as a form 
of “noneaseating tuberculosis.” Patholog- 
ieailj' the tj'pical lesion is the so-called “l)ard 
tubercle” consisting microscopiealij' of a 
collection of large, pale-staining, polj'gonal 
epithelioid cells wliich is usuallj' sterile on 
culture and animal inoculation. The lesions 
may remain unchanged for long periods of 
time and lieal by fibrosis and hj-alinization. 
The signs and sj’-raptoms vary vitli the loca- 
tion and extent of the lesions, but include ma- 
laise, wcalcnoss, drowsiness, anore.'da, weight 
loss, low grade fever, night sweats, dgj' mouth 
and generalized aches and pains. Laboratory 
studies may reveal a leucopenia vath a rela- 
tive increase in the monocj’tcs or eosinopliiles 
and with the red blood count below normal. 
Metabolic studies have revealed an elevation 
of the senira protein with a reversal of the 
albumin-globulin ratio. Harrell reported the 
blood calcium at or above the upper limits of 
normal in 6 of 11 cases and phosphatase levels 
above normal in 7. The prognosis is disputed, 
and the treatment is sj-mptomatic. Three 
cases are reported by the vuiter-in which 
metabolic studies were made. Two of tlie 
cases had uveoparotitis. Numerous labora- 
tory and metabolic studies were made in tlie 
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hope of contributing toward the etiology of 
sarcoidosis. Guinea pig inoculations were 
negative. Antigen prepared from lymph 
nodes of one patient gave no positive intra- 
cutaneous reactions and no “anticutins” 
could be demonstrated. Only S proved 
cases of sarcoidosis of the heart have been 
reported, though there probably have been 
many others, and, while pre\dous imrecog- 
nized rheumatic fever could not be definitely 
excluded, it is thought ijossible that the pro- 
longed P-R interval of one patient might be 
an indication of sarcoid lesions in the heart 
of tliis patient. Leucopenia and eosinophilia 
were present in all the cases reported here. 
The red blood count and the hemoglobin were 
normal. The serum alkaline phosphates were 
elevated in the 3 cases, but the serum acid 
phosphates were not affected. The blood 
calcium, phosphorus, cholesterol, glucose and 
urea showed normal values. — Sarcoidosis of 
Boeck, B. M. Stuart, Am. J. M. Sc., Decem- 
ber, 19U, 208: 717.— {0. F. Mitchell) 

Pleuropulmonary Changes in Acute Ne- 
phritis. — ^In certain cases of diffuse glomerulo- 
nephritis, also called “war nephritis” or 
“trench nephritis,” acute bronchopulmonary 
changes may present the main symptoms and 
completely overshadow the nephritis. The 
authors present 12 cases of diffuse, acute 
glomerulonephritis and one case of subacute 
hemorrhagic nephritis in wliich the pleuro- 
pulmonary complications were the foremost 
symptoms. These changes were pulmonary 
congestion in 8, cortico-pleuritis in 2, and 
broncho-alveolitis and bronchopneumonia in 
one case each. In all observations the renal 
and the pulmonary symptoms appeared al- 
most simultaneously. The onset was always 
preceded by inflammation of the tonsils and 
the phaiynx which, in the author’s opinion, 
was the cause of the nephritis. The patho- 
logical changes of the lungs and the pleura 
presented no peculiarities and resolved in a 
ver 3 '' short time, except for one case (of hemor- 
rhagic nephritis) who died. All sj'mptoms 
were exclusively or predominantly in the base 


of the lungs. In the 2 cases of pleuritis the 
pleural fluid proved to be an exudate. This 
is of importance, since in nephritis vdth gen- 
eral edema frequently a transudate is found 
in one or both pleural cavities. The tonsillitis 
is the cause of both, the nephritis and the 
pleuropuhnonary pathology. The patho- 
genic mechanism, however, is different; 
direct action of the germs in the lungs, and 
allergic response to bacterial toxins in the 
kidneys. The Sireptococus hemolylicus, 
cause of the nephritis, is associated with 
pneumococcus, staphjdococcus. Micrococcus 
catarrhalis, etc., which produce the pulmo- 
nary changes. The treatment is purely sup- 
porting. In 2 cases sulfanilamide was well 
tolerated and effective. The prognosis of the 
nephritis is not aggravated by the pleuro- 
pulmonarj’’ complications. — Altcracioncs 
pleuro-pulmonares en las nefritis agudas, B. 
Q. Pasqualini & M. C. Lascalea, Rev. Asoc. 
m6d. argent., November SO, 1945, 58: 1074 - — 
(TT^. Sxvienty) 

Pulmonary Changes in Malignant Hyper- 
tension. — The pulmonary findings in malig- 
nant hypertension are generally considered as 
due to passive pulmonary stasis caused by 
the changes of the heart. The authors be- 
lieve that some of the changes in the lungs 
have to be interpreted as congestion or edema 
due to hj'perazotemia. They describe 4 
cases of malignant hypertension, in which the 
blood-urea was between 2 to 3 g. per cent. 
All had subcrepitant fine rfiles at the base or 
the middle portion of the lung, more fre- 
quently on the right side. The X-ray picture 
showed an irregular basal or central densitj’’, 
often bilateral, decreasing towards the pe- 
riphery. This can lead one to believe that 
large nodules or inflammatoiy changes are 
present. The pulmonary* changes in cardiac 
disease, especialh’^ left-sided lieart failure, 
occupj' the lower half of the pulmonary field, 
whereas the uremic lung always shows para- 
hilar density*. Here the X-ray* findings may 
be the only* means for a differential diagnosis. 
Differentiation from tuberculosis is evident 
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bj' the clinical and labornterj’ finclinga. In- 
crease of the blood nitrogen level in these 
cases leads to an increase of the degree of 
pulmonary congestion, which responds 
promptly to a decrease of the blood nitrogen. 
In 8 cases of extrarcnal hyperazotemin with- 
out hypertension the authors did not find anj' 
pulmonary changes . — Aspcclos radiologicos 
del pulmon cn la hipcrlonia inaligna, M. R. 
Castex & E. S. Mazzei, Prensa mid. argent., 
December 27, 31: 2637. — (TF. Swienhj) 

Pulmonary Changes In Retroperitoneal 
Tumor. — The author describes the case of a 
30 year old woman who sufferod from per- 
sistent elevation of temperature for seven 
yeai-3. An X-ray picture showed a left 
infracl.a^^Gular infiltrate and induration of the 
entire upper left lobe and marked accentua- 
tion of both hilar regions. This infiltration 
disappeared rather surprisingly from one 
X-raj’’ examination to the other within a few 
days. Incidentally, a tumor of almost head- 
size was found in the left hypochondrium, 
moving with respiration. This tumor did 
not cause any symptoms. A pyelogram was 
taken and a renal tumor was diagnosed which 
compressed the stomach and the duodenum 
and shifted the entire upper portion of the 
intestine to the right, causing gastrointestinal 
disturbances. The patient suffered several 
sudden attacks of violent pain in the tumor 
region followed by cough, dyspnea and suffo- 
cation. A chest X-ray revealed an opacity 
covering the entire lower third of the left 
hemithorax and some haziness of , the re- 
mainder of both lungs. Ten cc. of serous, 
yellow, clear transudate were aspirated. The 
patient recovered from this attack within 
four days. An X-ray film at this time showed 
complete reabsorption of the transudate, 
leaving only a slight veil-like haziness in the 
left lower chest. The fluid had completelj’’ 
disappeared but for a small amount in the 
left costophrenic angle. The author made the 
diagnosis of acute pulmonary edema due to 
“retroperitoneal paranephritic tumor.” The 
possibility of acute dilatation of the left 
ventricle with exudation was also kept in 


mind. The patient then suffered another 
attack of dyspnea and cough, at which time 
an operation was done. A large tumor was 
found and a biopsj’ done. The tumor first 
gave the impression of a sarcoma and seemed 
to start from the capsule of the left kidnc}'. 
Microscopic c.xaminations showed that it 
was a pseudomucinous cystadenoma, pos- 
sibily originating from jMullcr’s duct. The 
patient died two weeks after tlie operation 
from a new attack ' of pulmonary edema. 
The pathological mechanism is axplained 
bj' the diminished capacity of the veins in the 
abdomen due to the pressure and axtent of 
the tumor and by the increased venous re- 
turn. The author believes with Laubrj' and 
Doumer that the abdominal venous net acts 
as a rcser\-c space and presents a sccuity 
coefiicient in case that the blood volume aug- 
ments. In this case the blood volume did not 
increase, but the capacity of the sccuritj* 
outlet diminished. The pulraonarj' capil- 
laries were under a hypertension by the in- 
creased venous return. As they arc separated 
from the atmospheric air by a thin membrane 
only, the alveoles arc verj' easilj’' filled with 
serosanguineous axudate. Also, it was exd- 
dent from the microscopic axamination that 
at the time of the crisis the tumor increased 
greatly in size due to massive interstitial 
hemorrhage. This in turn caused another 
decrease in the venous net of securitj'. — 
Comprobacioncs guintrgicas del mccanismo 
patogcnico dc una imagen pidmonar fttgaz, 
C. TF. Grobli, Prensa mid. argent., January 
19, 1945 , 32: 114 . — (TT^ Sunenty) 

Rupture of the Main Bronchus. — ^A case of 
rupture of a main bronchus without lesions 
of the thoracic cage is described. The patient 
suiwived the accident and the diagnosis was 
established b}"^ tomograpliic studies. Rup- 
ture of the main bronchi in the closed thorax 
is a rare occurrence. It is most frequent in 
young individuals, and the eause is mostly a 
crushing force (wheels of a veliiele), acting in 
antero-posterior direction. Fractures of ribs, 
of the cla^^cle, or of the sternum may be asso- 
ciated, but the external lesions may be insig- 
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nificant. A complete section of the bronchus 
occurs, with tear of the bronchial vessels and 
of the pleural covering of the hilum. In 
cases sur\d\'ing the accident there is fibrous 
healing of the two stumps of the ruptured 
bronchus, retraction of the corresponding lung, 
overdistension of the contralateral lung and 
shift of the mediastinal organs. The most 
probable mechanism causing this lesion is a 
shortening of the antero-posterior diameter 
due to the crusliing force and consecutive 
widening of the transverse diameter. The 
lungs closely follow the distending chest- 
wall until the broncM tear. An increase in 
endobronchial pressure caused by spasm of 
the glottis may represent a contributing fac- 
tor. Wlien death does not follow imme- 
diately, the clinical picture is extremely grave 
and is characterized by dyspnea, cyanosis, 
shock, pain, hemoptysis, emplij'sema, pneu- 
mothorax and hemothorax. Treatment con- 
sists in relief of pain, deflation of Aj’^pertensive 
pneumothorax, repair of blood-loss. Some- 
times exploratory thoracotomy or pneumonec- 
tomy is indicated . — Ruplura de grandes 
bronquios en torax cerrado, 0. A. Vaccarezza 
& A. A. Raimondi, An. Cdted. de pat. y clin. 
Inhere., 1943, 5: 76. — (L. Molnar) 

Lung Picture in Cardiac InsuMciency. — 
In cardiac insufficiency the X-ray picture of 
the lungs may simulate other pathological 
conditions. The author describes 2 cases 
in which the manifestations in the lung 
parenchyma and in the pleura responded to 
treatment of the underlying cardiac insuffi- 
ciency. The first case was a woman of 65 
years who complained of pain in the lower 
right chest, cough and occasional bloody 
sputum for the past six months. There was 
a soft, blowing murmur over the apex and a 
systolic murmur over the right base of the 
heart. Blood pressure was 160/100. Fluoros- 
copy showed a uniform opacity over the 
inferior third of the right hemithorax. The 
diaphragm was fixed. Within the right hilum 
a round, orange-sized shadow with blurred 
borders was seen. The electrocardiogram 
was normal. Differential diagnosis was pul- 


monary neoplasm, cardiac insufficiency or 
pulmonary infarct. After fifteen days of 
treatment with digitalis the lesions in the 
right lung field had almost completely dis- 
appeared. The digitalis treatment was con- 
sidered as conclusive for the final diagnosis, 
which was cardiac insufficiency (despite the 
normal electrocardiogram). The second case 
was a 61 year old man who complained of 
dyspnea and of edema of the legs for one year. 
A soft systolic murmur was heard over all 
valves of the heart. There was axtrasystohe 
arrhythmia. The blood pressure was 120/90, 
the pulse 98. There was a slight dulness 
over the base of the right lung and moist, 
crepitant r&les over both lung bases, but 
especially over the right. The liver was 
markedly enlarged. The X-ray film showed 
a shadow within the region of the interlobar 
fissure on the right wth perfectly clear bor- 
ders and a small hydrothorax of the right 
base.. This was diagnosed as interlobar 
pleurisy. The lesion disappeared on digitalis 
treatment. The author states that e.xudative 
lesions of the lungs or pleura may be simulated 
by cardiac insufficiency, that even with a 
normal electrocardiogram and a normal 
heart size cardiac disease should not always 
be excluded. In case of doubt, a fifteen- 
day treatment with digitalis is indicated. — 
Imagenes pvlmonares en la insvficiencia car- 
diaca, D. Fernandez Alfaro, Rev. cubana de 
Inhere., October-Deeember, 1944, S: 625. — (IF. 
Sivienltj) 

Composition of Pleural Gas. — The authors 
determined the carbon dioxide-oxygen per- 
centages in the pleural cavity of 76 patients 
with a therapeutic pneumothorax. ' In un- 
complicated pneumothoraces the gas in the 
pleural space showed a CO 2 content ranging 
from 5.6 to 7.5 vol. per cent and an O 2 con- 
tent of 2.0 to 4.5 vol. per cent. Following a 
pneumothorax refill stabilization occurred 
within forty-eight hours. In patients whose 
pneumothorax was complicated by a pleural 
effusion, the oxygen content of the pleural 
gas ranged from 0 to 1.15 vol. per cent. CO 2 
values were fairly constant (9 to 12 vol. per 
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cent) in pure lubcrcnlons cfTiipions wlicthcr 
serous or purulent but varied from 7.5 to 1S.7 
vol. per cent in mixed infections. When a 
fistula without cfTusion was jircsont the find- 
ings were characteristic; the COj content was 
less than 5.5 vol. jicr cent and the 0* more 
than G.5 vol. per cent. An cfTusion com- 
plicating the fistula was alw.ays accompanied 
by a CO; content of more than 1 vol. per 
cent. A pncumonoly.sis had been done in 19 
of the 27 jjatients witli a fistula and jileural 
effusion. The diagnosis of fistula was con- 
firmed in 5 of S patients who were avamined 
postmortem . — Gases pkuraks y diayndslico 
dc la fistula pkuropulmomr, A. Soubric <fc 
F. Labour!, An. Cdkd. dc pal. y ch'n. tubcrc., 
December, lO^S, S: 277. — (R. Kegel) 

Gas Analysis in Bronchopleural Fistula. — 
The modern studies on diffusion and absorp- 
tion of gases in body cavities arc reviewed 
particularly the clinical application of gas 
analysis in the diagnosis in bronchopleural 
fistulac. The gas studies of the authors, in 
eases of pneumothorax with or without effu- 
sion, in presence or in absence of broncho- 
pleural fistula, gave results identical to those 
obtained by Coryllos and Matsuzawa in 
similar circumstances. It seems noteworthy 
that bronchopleural fistula was found very 
often shortly after pneumonolysis. Repeated 
analysis of the pleural air is a reliable method 
in the diagnosis of bronchopleural fistula and 
deseiwes to be adopted as a routine investi- 
gation . — La absorbcio7i dc los gases cu las 
cavidadcs del organismo: Diagnostico dc la 
fislida pleuTopulmonar, A. Soubric & F. 
Labour!, An. Cdted. dc pat. y din. tubcrc., 
lOJfS, S: 120. — (L. Molnar) 

Respiration under Experimental Conditions. 
— ^The changes in %’ital capacity and maxi- 
mum breathing capacity have been studied in 
11 normal inditdduals submerged in water at 
different depths. Under these experimental 
conditions only the respiratory muscles are 
subjected to strain and consequently the re- 
sults may be considered as a test of their 
action. The maximum breathing capacity 


hn.«5 shown a much more accentuated pro- 
gre.csivc diminution than the corrasponding 
valuc-s of tfic vita! capacity. At dcptlis over 
30 cm. from (lie surface, parasternal pain 
was obscr\’cd, probably at the site of the in- 
sertion of the pcctoml muscles; 80 cm. below 
the surface respiration became impos.sible 
after one minute, bcauise the expirations were 
larger than the inspimtions. At depths 
ranging from 30 to SO cm., in spite of qu.anti- 
tatively sufficient ventilation, dyspnea was 
noted. Similar results were obtained in 
e.xpcriments causing the subjects to perform 
ev})irafions .against rc.sistancc. This series 
of experiments shows that the reduction of 
tlie m.a.ximum brc.atldng cap.adty is deter- 
mined by muscular fatigue which causes 
diminution in the number of respirations. 
It is also demonstrated that the sensation of 
dyspnea is compatible with normal pulmonary- 
ventilation and is eauscrl, in these experi- 
ments and in normal activities reproducing 
similar conditions, by impulses originated 
in respiratory’ muscles subjected to excessive 
strain . — La capacidad dc vcntilacidn pidmonar 
cn coTidicioucs experimentaks desfavorabks, 
F. Labcnirt tt A. Lanari, An Cdted. dc pal. 
y din. tubcrc., 1943, 5: 49. — {L. Molnar) 

Inspiratory Tonus In Ano.xln. — Alethods for 
plethysmograplueally recording the volume 
changes in the eat, and for measuring the eliest 
circumference of the dog during procedures 
affecting respiration are described. During 
the reduction of 0; content of inspired air 
from that of the atmosphere to about S per 
cent by rebreathmg the volume of the cat’s 
chest at the end of expiration increases by 
about 60 to 70 cc. Tliis is tlu-ee times the 
volume of a normal inspiration. During a 
similar diminution of 0; in the inspired air of 
the dog a proportionate increase in axpiratory 
circumference of the eliest occurs. After 
vagotomy the anoxic increase in expiratory’ 
volume in the cat is about one-tliird as great 
as OTth the vagi intact. In the dog vagotomy 
totally eliminates the anoxic chest expansion. 
Crushing the nerves from the carotid chemo- 
receptors has little or no effect upon the 
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rpnrtion. Ih-pcrwpnia appears to sensitize 
the animal to the low Oi chest expansion 
reaction, hut in the presence of a largo excess 
of 0: accuinulatc<l COj does not produce an 
increase in the expiratory* volume in cals or 
dogs. In some animals there is a small 
reduction in chest volume when the expim- 
tions become forceful. The human c.vpira- 
tory* chest volume has been shown to enlarge 
during dy.cpnca. The suggestion that respira- 
tory* training to c.xhnlc more completely 
m.ay be valuable to people at high altitudes 
is briefly* discussed. (Author’s Summary) — 
Inspiralortj Tonus in Anojria, A. S. Harris, 
Arn. J. PhjrioL, January, 19.'/), 143: l/,0 . — 
(G. C. Lcincr) 

Acute Abdomen Simulated by Plcuro- 
pulmonary Perforation. — spontaneous pneu- 
mothonix cau.'wl by* perforation of the \*is- 
ccral pleura may* simulate under exceptional 
conditions an acute surgical abdomen. The 
sy*mptoms are sudden abdonunal pain which 
is severe and stabbing, vomiting, board- 
like rigidity of the abdominal muscles, in- 
testinal paresis, rapid pulse, profuse sweating 
and polypnea. If these sy*mptoms are com- 
plicated by* a high Icucocy'tosis and marked 
shift to the left, it is understand.ablc that a 
diagnostic error can be made and surgery 
jierformcd. A small marginal pneumothorax 
may* not even be detected in the X-ray film. 
The authors present 2 cases. In one the 
white count was 37,500 and went down to 
normal after aspiration of air. The tentative 
diagnosis had been perforated gastric ulcer 
until the X-ray film revealed a spontaneous 
pneumothorax. In the other case in which 
a laparotomy* was performed the leucocyte 
count was 31,500 and rose to 68,500. The 
preoperative diagnoses had been: perforated 
gastric ulcer, perforation of the gallbladder, 
subphrcnic abscess, liver abscess, acute appen- 
dicitis or acute pancreatitis. No abdominal 
abnormality was found. This case had been 
treated with a therapeutic pneumothorax and 
only after surgery a pleuropulmonary fistula 
with effusion w*as diagnosed. The mecha- 
nism of the abdominal pain in spontaneous or 


tension pneumothorax i.s still disputed. It 
may* be caused reflexly* by* sudden compres- 
sion of the mediastinum, by irritation of the 
sy'inpathctic or pncumogastric nerves, by a 
viscero-motor reflex, by* irritation of tlie in- 
ferior intercostal nerves which also innervate 
the proximal portion of the abdominal 
muscles, or by referred pain . — Sindromc 
abdominal agudo por perforarion plcvro- 
pulmonar, A. F. Condc & E. A. Laslra, 
Rev. cubana dc Inhere., Jvly-Scptcmbcr, 1944, 
S: 504. — (b'- Siricnly) 

Spontaneous Pneumothorax. — Two cases 
of spontaneous pneumothorax due to metasta- 
tic sarcoma are reported. The first case was 
that of a 19 year old youth with a recurrent 
fibrosarcoma arising from the tendon sheath 
of the left Jlcxor poUicis longus, for which the 
arm was amputated. Sbe months latei the 
patient developed a chill and upper respira- 
tory* infection followed by dyspnea, right 
pleuritic pain and cough with bloody sputum. 
A roentgenogram of the chest revealed exten- 
sive metastases to both lungs and a right 
pneumothorax. Two weeks later, following 
some symptomatic improvement, he suddenly 
became markedly dyspneic and cy*anotic, 
dy'ing twenty-five minutes later. An autopsy 
revealed extensive metastatic fibrosarcoma 
of both lungs with bilateral pneumothorax. 
The second case was that of a 20 year old 
youth with an osteogenic sarcoma of the 
left femur for which a hip joint disarticulation 
w*as performed. A Welch bacillus infection 
followed, and the w*ound healed slowly. 
Seventeen months later a roentgenogram of 
the chest revealed metastatic foci, and tw’o 
courses of roentgen therapy* were adminis- 
tered. A right hydrothorax developed, ac- 
companied by chest pain and cough. Several 
taps w*cre performed revealing bloody fluid. 
Several weeks later he suddenly became dysp- 
neic and w*as found to have a left pneumo- 
thorax. In spite of continuous suction drain- 
age, he became rapidly w*orse and died. An 
autopsy revealed extensive metastatic osteo- 
genic sarcoma of the lungs. The left lung 
was collapsed. Air injected into the trachea 
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escaped through a necrotic nodule in tlie left 
upper lobe. The rupture of a necrotic tumor 
nodule into a bronchus and into the pleural 
space, resulting in a small bronchopleural 
fistula, seems to be the most likely explana- 
tion for the occurrence of spontaneous pneu- 
mothorax in these cases. Such a complica- 
tion is rare as evidenced by the lack of similar 
cases reported in the recent English and 
American literature. — Pneumothorax Due to 
Metastatic Sarcoma: Report of Two Cases, 
T. F. Thornton & R. R. Bigelow, Arch. 
Path., May, 1944, 37: 334- — {D. G. Freiman) 

Pleurisy Caused by Brucellosis. — Physi- 
cians are more conscious of the wide spread of 
brucellosis since Gould and Huddleson have 
estimated that at least 10 per cent of the 
population of the TJ. S. A. have the disease 
and 1 per cent is clinically ill with it. From 
the various symptoms which can be caused by 
brucellosis the author has selected pleurisy. 
Patients affected with brucellotic pleurisy 
present cough and expectoration, pleural pain, 
subfebrile temperatures, loss of weight and 
secondary anemia. Four cases are discussed 
in which a pleurisy with effusion was present. 
The agglutination test was always positive 
in concentrations of 1:100 to 1:500. On 
treatment with specific vaccine the fluid com- 
pletely disappeared in a relatively short time. 
The author considers it as very possible that 
some cases of brucellosis have been mistaken 
for tuberculous pleurisy, typhoid fever, 
rheumatic disease, nonpurulent pneumonia, 
syphilis or other infections. It is understood 
that tuberculosis has to be ruled out in every 
case, even if the agglutination test is found 
positive for Malta fever in low titres. The 
effusion can be either serofibrinous or hemor- 
rhagic due to the tendency for hemorrhages 
which is one of the symptoms of brucellosis. 
It is suggested that this hemorrhagic diathesis 
is caused by a lack of ascorbic acid as it dis- 
appeared promptly with the administration 
of vitamin C. The prognosis is good. The 
fluid disappears without any sequelae. To 
ascertain the diagnosis of brucellosis the his- 
tory of the patient and the existence of in- 


fected animals or other persons has to-be 
searched for. The laboratory tests include 
the agglutination tests in the blood, in the 
cerebral-spinal fluid and in the effusion, the 
intracutaneous reaction and the blood culture 
from the pleural fluid and spleen. The ag- 
glutination tests should be regarded as posi- 
tive even in as low a titre as 1 to 20 to 1 to 50. 
Finally, the author states that in each case 
of brucellosis a thorough study of the lungs 
and of the pleura by chnical and X-ray ex- 
amination should be made routinely. — Pleu- 
resias brucelosicas, Contribucion a su esiudio, 
I. Maldonado- Allende, Rev. Asoc. mid. argent., 
December 15, 1944, S8: 1107. — (TF. Swienty) 

Hemothorax. — ^Although many theories 
have been advanced for the presence of clot- 
ting in some hemothoraces and its absence in 
others, no one theory will satisfy all question- 
able points. No matter what the pathogen- 
esis of clotting may be, in the present series 
of 750 chest injuries, 52, or 70 per cent, had 
hemothoraces, and infection was present in 30 
per cent of hemotlioraces. Only 9 per cent of 
all hemothoraces were clotted. The incidence 
of clotting in hemothoraces rose sharply 
during 1944, when penicillin became more 
generally available. This led to the specu- 
lation whether penicillin, if used prophylac- 
tically vdthout previous aspiration of blood, 
might be responsible for the clotting, although 
no such in vitro effect has been observed. 
Clotted hemothorax may be massive or locu- 
lated. The diagnosis may be suspected from 
the X-ray findings, but repeated unsuccess- 
ful aspirations usually prove its correctness. 
Although blood can be absorbed freely from 
the pleural ca^dty, and small, and sometimes 
even large hemothoraces may be resorbed, 
the usual course of events is the laying down 
of a thick layer of fibrous tissue on the 
parietal and visceral pleura. This prevents 
ree.xpansion of the lung and is responsible for 
the ‘‘frozen chest” in which the lung loses 
most of its respiratoiy function. Evacuation 
of the clot with decortication of the lung has 
been found to be the most satisfactory treat- 
ment. Usually the entire lung must be de- 
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corticated, and only in small liemotlioraces 
localized decortication will do. The opera- 
tion is done through a thoracotomy with 
resection of part of the sixth posterior rib. 
The fibrous layer on the parietal pleui’a is two 
to three times as thick as on the visceral 
pleura and needs thorough removal as well. 
Suction drainage postoperatively, tlrrough two 
tubes, is of great importance. One tube is 
put into the upper chest, preferably into the 
second posterior intercostal space, to prevent 
residual pockets in the upper chest. A 
second tube is put low into the posterior chest 
at the conventional site. Negative pressures 
of 5 or 6 cm. of mercury are used. The results 
of suction drainage are far superior to under- 
water drainage in that lung expansion is 
more rapid and more complete. The identical 
treatment has also been applied to infected 
clotted hemothoraees and to closed and pre- 
viously drained empyemata. It was found 
that decortication and suction drainage was 
a far more satisfactory treatment for these 
conditions, and expansion of the lung was the 
rule. In some cases expansion of the upper 
lobe only was obtained, and the empyemata 
became confined to small pockets which 
healed more promptly than a total empyema 
space would have. Closed empyemata are 
sterilized with penicillin before treatment, and 
infected hemothorax clots and open empye- 
mata have been successfully treated with 
penicillin drip for twelve to twenty-four 
hours. The solution is administered through 
the two tubes later to be used for suction. 
Penicillin has been of great value in sterilizing 
pleural cavities infected with streptococci 
and staph 5 dococci, but after decortication 
organisms are apt to recur. For this the 
penicillin drip is valuable, and the organisms 
tend to disappear as lung e.xpansion proceeds. 
Coliform organisms, B. protciis, and B. 
pyocyancus tend to. disappear spontaneously 
after decortication and suction drainage, 
and Clostridia do not persist in adequately 
treated cases . — Decortication in Clotted and 
Infected Hemothoraees, C. P. Thomas & IT. 
P. Clcland, Lancet, March 17, 19J!,5, 24S: 
S27. — (fJ. Marcus) 


Traumatic Hemothorax. — ^When blood es- 
capes into the pleural camty rapid clotting 
takes place. Frequently, however, the clot 
remains liquid because the cardiac and respira- 
tory motions defibrinate it and deposit fibrin 
on the parietal and \’isceral pleura. This is 
the case when bleeding occurs at a slow rate. 
When bleeding is rapid a solid clot forms wliich 
defies aspiration. Most traumatic hemo- 
thoraces yield to repeated early aspirations. 
If aspiration is not done early, or if a solid 
clot forms, surgical removal of the clot is 
indicated. Tins is done through a postero- 
lateral incision, the exact location depends 
on the location of the clot. The sixth, seventh 
or eighth interspaces are most commonly 
used. Usually a well organized hematoma 
is encountered. Removal of this and its 
wall reveals a relatively normal pleura, and 
even at operation the lung will be seen to 
reexpand partially, and the diaphragm will 
resume more nearly normal movements. 
Complete ree.xpansion of the lung is effected 
with a short period of underwater drainage 
postoperatively. The results of such treat- 
ment are almost uniformly good permitting 
men to return to active duty within a short 
time. Untreated hemothorax results in a 
clironic respiratory disability. Low grade 
fever, persistent chest pain, anemia, dyspnea 
and asthenia are the rule. The decrease in 
respiratory function is striking. The affected 
hemithorax is partially immobilized, and the 
unaffected lung undergoes compensatory em- 
physema. Patients with untreated hemo- 
thorax cannot return to active duty. — 
Traumatic Hemothorax, F, P. Coleman, 
Arch. Sxtrg., January, 1945, SO: I 4 . — {H. 
Marcus) 

Hemothorax. — ^WTien blood is liberated into 
the pleural cavity by trauma, three imme- 
diate harmful effects take place: blood loss, 
pleural irritation and an e.xpanding, space 
occupjing lesion in the chest. Although no 
clotting is frequently obseivcd in a hemo- 
thorax, deposition of fibrin on tlie lung, the 
parietal pleura and the diaphragm is u.mally 
prompt. The fibrin deposited on the visceral 
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pleura changes into fibrous tissue witliin a 
matter of clays or weeks, and, unless prompt 
steps arc taken to prevent this oecurrcncc, 
the lung may become bound down by a rigid 
coat of fibrous tissue. The irritation which 
results from the presence of blood in the 
pleural da\'ity, which here acts as a foreign 
body, causes the outpouring of a serous 
effusion. This augments the respiratorj’ dis- 
tress. Bleeding into the pleural cavit}* may 
come from the lung, from the chest wall or 
from the abdomen. Bleeding from the lung 
stops spontaneously and is rarely severe. 
Bleeding from the chest wall is often per- 
sistent, especially when it comes from an 
intercostal arterj' or the internal mammarj' 
arter.v. When the right leaf of the diaphragm 
has been penetrated by a missile and the 
foreign body has lodged in the liver, blood 
from the liver is apt to bo pumiJcd into the 
right pleural ca\nty with the respiratory 
movements of the diaphragm. Hemothorax 
is easy to diagnose if it is kept in mind that 
displacement of the mediastinum is a late 
sign that should not be awaited to make a 
diagnosis. Shock, pain, and dj’spnea arc 
early signs. The diagnosis is made by X-ray 
examination, but the patient must be in a 
sitting position. Lateral films are important. 
Even with these a hemothorax rarely gives 
the sharp straight outline which an empyema 
and other pleural effusions arc apt to give. 
The margin of the hemothorax blends almost 
imperceptibly with the surrounding lung 
tissue, and a pulmonaiy hematoma may be 
mistakenly diagnosed. All hemothoraces 
should be treated promptly by aspiration, 
preferably within twenty-four hours. It is 
true that some hemothoraces resorb without 
treatment leaving no disability, but one can- 
not predict which ones are going to react tliis 
way. The only wa}^ in which poor late re- 
sults can be avoided is by prompt immediate 
treatment of all cases. The majority of cases 
respond to repeated simple aspirations. As 
time goes on, aspirations become more diffi- 
cult because of clots and fibrin, and a mistaken 
diagnosis of clotted hemothorax is often 
made. Wlien hemothorax is very massive 


and bleeding continues under observation, 
it is best to evacuate blood, clots and fibrin 
through a thoraco.scoi)C. Air which enters 
the pleural cavity during this process should 
be a.spiratcd. If bleeding continues slowlj- 
for many weeks, intercostal thoracotomy 
should be performed, the contents of the 
pleural ca\'ity should be evacuated and the 
bleeding point secured, if possible. Even if 
this last procedure cannot be done, bleeding 
frequently stops following thoracotomj". 
Clotted hemothorax should be treated by 
thoracotom}* and removal of the clot and de- 
cortication ns soon as the diagnosis has been 
made. Retained foreign bodies should also 
be evacuated early, pro\-iding there are not 
too many and the}’ are not located near the 
hilum. — Hemolhorax, jV. R. Barret, Lancet, 
January 27, W.'tO, 248: 103. — {H. Marais) 

Hemothorax. — ^W’^hen blood escapes into 
the pleural ca\’ity it may remain liquid for a 
long time. This is due to the fact that, al- 
though clotting occurs, the clot is defibrinated 
through the mechanical action of the cardiac 
and respiratory movements. Fibrin is de- 
posited on the ^^sceral and parietal pleura, but 
the bulk of the contents of the ca-vdty remains 
liquid. Early and regular aspirations reveal 
the fact that the hemoglobin content of the 
hemothorax is about 30 to 40 per cent less 
than the hemoglobin content of the blood. 
Repeated daily aspirations show that the 
hemothorax is quickly diluted by the outpour- 
ing of a serous effusion, and the hemoglobin 
content falls quickly. The fibrinogen con- 
tent, on the other hand, rises progressively. 
The marked outpouring of fluid several days 
after wounding sometimes leads to the erro- 
neous impression that bleeding is continuing. 
Aspiration quickly decides this question. 

A properly treated case should be dry after 
the flfth or sixth aspiration. If treatment 
has been delayed and fibrin has a chance to 
form, complete reaxpansion of the lung can- 
not take place. Evacuation of fibrin and 
clot through an intercostal incision must 
then be done, or in more severe cases thora- 
cotomy and decortication of the lung must 
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bo done to fcciirr reexpansion. — Hemothorax, 
T. JI. ScHors, I.aacel, February S, 10/, 5, 
24S: 1/3.— (H. Marcu.c) 

Poslopcrr.llve Einpycinn. — A Fhidy was 
xindertaken to dclorininc (lie value of penicil- 
lin prx'pliylavis in tlio jircvonticn of cin])ycinn 
foHomne: transsection of (he bronchi for 
lobectomy or pneumonectomy. Penicillin 
was administered ininunuFcularly every two 
hours daily for one week irreopcrativcly and 
for two weeks po'-'topemtivcly; the daih' do.'c 
w.as loO.OOO units of jicnicillin. No local 
appli(vation or in.slillation was used. Forty- 
cicht patients had partial, sinpie or multiple 
lobectomy or jinoumoncctomy. Seven pa- 
tient.s died .shortly .after (ho openition. 
Forty-one patients were selected for analyses, 
21 of them receiver! penicillin i)rophylac(ically, 
20 p.aticnts scrvctl a.s controls. Twenty-one 
patients had partial or total lung resection 
for bronchiectasis or multiple lung absec.«.sos; 
12 of them, 10 lobectomies and 2 pneumonec- 
tomies, were treated with penicillin. None 
of the 12 patients developed empyema. Nino 
patients scr\-cd as controls in the scries of 
suppurative pulmonary infections. All 9 
patients developed empyema, 3 of them died. 
Fifteen patients had partial or total lung 
resection for tuberculous infection of the lung. 
Seven of the latter group were treated with 
penicillin, 2 of them developed tuberculous 
empyema. Eight patients seiwed as controls, 
3 of them developed pyogenic empyema. 
Five patients operated on for bronchogenic 
carcinoma had an uncomplicated postopera- 
tive course; 2 of them had undei-gonc pro- 
phylaxis with penicillin and 3 patients had 
sen’ed as controls. Of the entire series of 20 
control patients, 12 developed empyema. 
All 12 patients were treated with penicillin. 
Two received local therapy, they recovered 
promptly but developed fistulas later on. 
Three received systemic therapj’-, 2 of them 
died while one responded promptly. Seven 
received local and systemic therapy', 2 of 
them died, 3 showed slight improvement and 
2 recovered promptly. — Use of Penicillin in 
Prevention of Postoperative Empyema follow- 


ing Lung Pcscclion: Report of a Controlled 
Study, ir. L. White, TF. E. Burnett, C. P. 
Baily, G. P. Rosemond, C. TF^. Norris, G. 0, 
Favorite, E. II. Spaulding, A. Bondi, Jr. 
ct R. II. Fowler, J. A. M. A., December 16, 
10/,',, 126: 1010.— {H. Abclcs) 

Mediastinal Emphysema. — Hamman called 
altcntion to 3 ca.^es of intcistitinl emphysema 
simulating coronaiy artery disease; other in- 
vestigators have mentioned the necessity of 
considenng .'jpontancous mediastinal emphy- 
sema in the flilTercntial diagnosis of pain in 
the chest. The author has seen 8 cases in 
soldiers during the past three years. In 6, 
Icft-.rided imeumothorax was demonstrated 
by' X-ray. Four cases arc reported, and the 
similarity' of the condition to organic heart 
disease described, hlacklin has described 
spontaneous mediastinal emphysema as occur- 
ring experimentally following overdistention 
of a lobe, the air entering the perivascular 
sheaths of the pulmonary' vessels. The air 
bubbles gradually' coalesce as they' dissect 
their way' and finally' rupture into the medias- 
tinum. This perivascular tunneling may also 
impede the circulation. Occasionally air 
may pass from the perivascular sheaths into 
adjoining connective tissue and thence to the 
pleura fornfing a subpleural bleb. In the 
mediastinum air tends to follow fascial planes, 
especially the sheaths of blood vessels. Thus, 
air may' go into the neck, axilla and chest- 
wall and may also go betw'een the parietal 
pleura and pericardium. Clinically, spon- 
taneous mediastinal emphysema is charac- 
terized by the occurrence of sudden, often 
alarming precordial or substernal pain, the 
severity depending upon the degree of dis- 
tention of the mediastinal tissues. It may 
radiate to the back, shoulders, neck or down 
the loft arm and may last several hours or 
several days. Dyspnea, cy'anosis and orthop- 
nea may occur, but are not characteristic. 
The differential diagnosis depends entirely 
on the clinical examination. Air may be de- 
tected in the subcutaneous tissues of the neck 
and anterior chest-wall; the area of cardiac 
dulness may be replaced by hyperresonance, 
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but the pathognomomc sign is cracking or 
crepitant -sounds heard over the precordium 
synchronous udth the heart beat. Pneumo- 
thorax is present in some cases. If uncom- 
plicated, there is no e\'idence of serious con- 
stitutional disturbances. The electrocardio- 
gram reveals no significant change. X-ray 
films of the mediastinum are diagnostic. 
Diagnosis, however, may be difiicult. This 
condition occurs chiefly in young people. 
There probably is a temporary functional 
coronary insufficiency. EKG changes were 
noted in 3 cases reported. No similar change 
is reported in the literature. Although not 
diagnostic, the electrocardiographic abnor- 
mality could be easily mistaken for serious 
myocardial damage. Similar changes have 
been reported in spontaneous pneumothora.x 
apparently due to rotation of the cardiac 
axis. — Spontaneous Mediastinal Emphysema 
with Pneumothorax Simulating Organic Heart 
Disease, H. Miller, Am. J. M. Sc., February, 
ms, 209; 2il.—{G. F. Mitchell) 

Pneumomediastinum. — Processes tending 
to produce overdistention of the lung may be 
associated with pneumomediastinum. Thus, 
in obstetrical labor, pertussis, obstructive 
tracheobroncliitis, alveolar rupture may occur, 
with resulting escape of air along the vascular 
sheaths to the mediastinum. Local condi- 
tions, such as congenital deformities of the 
respiratory system, trauma, infectious proc- 
esses, may play a part in the pathogenesis of 
pneumomediastinum. The consequences are 
varied. Rupture of mediastinal blebs may 
lead to unilateral or bilateral pneumotbora.x, 
or else may cause escape of air along the ves- 
sels and thus produce subcutaneous and retro- 
peritoneal emph 3 *sema, pnemnoperitoneum 
or even air embolism. Positive pressure in the 
mediastinum impedes the return flow of blood 
to the auricles, by compressing the pulmonarj’^ 
and s 5 ’’stemic veins. Dy^spnea and cyanosis 
ensue, with distended neck veins and falling 
blood pressure. The percussion over the 
heart becomes tjunpanitic, the sounds distant; 
there may be a crackling sound, synchronous 
with systole. In adults, precordial pain is a 


frequent complaint. Coexisting pneumo- 
thorax tends to alleviate the symptoms, by 
lowering the mediastinal tension. Eoent- 
genologically, air may be seen outlining the 
margins of the superior mediastinum in the 
frontal anew; in the lateral xdew which more 
often gives conclusive results, encapsulated 
air is present immediately behind the sternum. 
Treatment consists of oxygen and stimulants, 
or, in severe cases, aspiration of air. Three 
cases of pneumomediastinum in newborn 
infants are reported, all of whom received 
vigorous artificial respiration of some form. 
Whether the artificial resuscitation caused 
the pneumomediastinum, or the latter gave 
rise to the cj'anosis necessitating artificial 
respiration, is difficult to determine. — Pneu- 
momediastinum in the Newborn, R. M. 
Lowman & C. S. Culotta, Am. J. Roentgenol., 
January, 191(5, 53: 7. — (P. Lowy) 

Mediastinal Teratoma. — case is reported 
of mediastinal teratoma in a 29 year old man 
admitted to the hospital with cough of three 
weeks’ duration, aggravated by the prone 
position and worse at night, and swelling of 
the neck. A 10 by 6 cm. mass was present in 
the left anterior cervical triangle, displacing 
the trachea and larynx to the right and extend- 
ing substemallj\ The neck veins were en- 
gorged and those of the left upper chest and 
arm dilated. A roentgenogram of the chest 
rev'ealed a dense homogeneous mass in tlie 
upper mediastinum extending into the neck. 
Biopsy of a lymph node from the left side of 
the neck showed replacement by sheets and 
cords of undifferentiated cells mth numerous 
mitoses. A course of roentgen ray therapy 
(3525 r over a period of seven weeks) produced 
a regression in size of onlj'^ 2 cm. The patient 
died following an episode of d 3 'spnea. An 
autops 3 ’' revealed a hard tumor mass measur- 
ing 18.5 .X 17.5 X 10.6 cm. extending dovraward 
over the pericardium and upward into the 
neck, suiTOimding the ascending aorta and 
part of the arch, but not invohdng the thy- 
roid or lung. The testis was negative. Ali- 
croscopic examination of the tumor revealed 
a matrix of myxomatous and loose fibrous 
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tissue containing numerous cysts lined with 
epithelium ranging in type from stratified 
squamous to columnar and pseudostratified 
columnar. In other areas there were cells 
resembling adrenal cortical cells, endometrium 
and choriocarcinoma. The tumor appears to 
have arisen from all three germ layers. — 
Mediastinal Teratoma, S. J. Wilso7i A R. 
Cares, Arch. Path., February, 19^5, 39: 
113. — (D. G. Freiman) 

Right Diaphragmatic Hernia. — ^In a 22 
year old girl vdth the sjunptoms and signs of 
pulmonary and intestinal tuberculosis, the 
chest X-ray examination showed a picture 
similar to a right hydropneumothorax. The 
possibility of a pulmonary or pleural suppura- 
tion, or of a subdiaphragmatic abscess was 
considered. A later chest X-raj'^ examination, 
one month before the patient’s death, revealed 
two semi-circular opacities at the place of the 
previous “hydropneumothorax.” The exact 
diagnosis was made after death only. The 
autopsy showed: Caseocavernous tuberculo- 
sis of the lungs with general amyloidosis; 
tuberculous ulcerations of the ileum; partial 
aplasia of the anterior part of the right dia- 
phragm with herniation of the hepatic flexure 
of the colon. Right diaphragmatic hernia is 
found very rarely as compared to the left. — 
Hernie diaphragmatique droite, L. Rousseau & 
M. Giroux, Laval med., February, 1945, 10: 
89. — (G. C. Leiner) 

Anomalous Pulmonary Veins. — Two in- 
stances of anomalous connection between the 
pulmonary and systemic venous systems, 
discovered at autopsy, are described. In 
one of these a vein draining most of the right 
upper lobe entered the right side of the supe- 
rior vena cava ; in the other most of the tissue 
of the upper lobe of the left lung was drained 
by a vein communicating mth the left in- 
nominate vein. In both cases death was due 
to cardiac decompensation on the basis of 
rheumatic heart disease, and no symptoms 
that might have been attributable to the 
anomaly were recorded. By comparing the 
cross-sectional area of all pulmonary veins 


with that of the anomalous vein, the percent- 
age of oxygenated blood shunted to the right 
side of the heart was estimated at 26.1 per 
cent in the first case and 20.1 per cent in the 
second. Seven cases encountered in the 
literature not included in a re^^ew by Brody 
(Brody, H.: Arch. Path., 1942, SS: 221) are 
brieflj’’ summarized . — Anomalous Pulmonary 
Veins, C. W. Hughes & P. C. Rumore, Arch. 
Path., June, 1944, 37: 364- — {D. G. Freiman) 

Vagotrigemlnal Pain Reflex. — The irritation 
of the vagus in a region where its sensitive 
fibres are related exclusively to the functions 
of the vegetative life causes pain in the terri- 
tory innervated by the trigeminus. These 
pains are caused, according to the author, 
by a vagotrigeminal pain reflex. Head 
studied the relationship between cephalic 
pain and the diseases of the thoracic and 
abdominal organs. Though Head advanced 
the hypothesis that in such cases the afferent 
stimulus might be conveyed by the vagus, a 
definite explanation was not given. The 
author says that there is a vagotrigeminal 
pain reflex that explains these cases of tri- 
geminal neuritis. A patient with a bronchial 
fistula is presented in whom pain in the 
territory of the trigeminus appeared after 
mechanical or chemical irritation of the 
bronclual stump. Local anesthesia prevented 
the development of pain upon irritation. 
The author emphasizes the following points: 
In the patient presented the pain was uni- 
lateral and homolateral; no exophthalmos, 
midriasis, marked flushing of the face were 
noted; no pain was referred in other regions. 
All these facts indicate that the afferent path- 
way was not the sympathetic system. The 
proximity of the bulbar nuclei of these two 
nerves might explain the possibility of an 
afferent stimulus conveyed by the fibres of the 
region influencing the trigeminus . — Sobre a 
existencia de um reflexo doloroso vago-trigeminal 
e de uma neralgia facial broncogenica, A. 
Amorim, Rev. brasil. de tuberc., May-June, 
1944, 93: 121. — (P. B. Franca) 

Aortectomy. — ^The first case of a successful 
removal of an aneurj^sm of the thoracic aorta 
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is reported. A 19 year old student com- 
plained of fatigue following an episode of 
"flu." Physical examination revealed a loud 
blowing systolic murmur audible throughout 
the chest, best heard over the pulmonic valve 
area, and tachycardia. The blood pressure 
in the right arm was lGO/72. It was not ob- 
tainable in the legs. Pulsations of the inter- 
costal and internal mammarj' arteries were 
palp.ablc. Pulsations of the arteries of the 
lower extremities were weak. The chest 
film showed an ovoid, nonpulsating mass, 
6 by 8 cm, at the left border of the medias- 
tinum at the level of the fifth, sixth and 
seventh vertebrae. The inferior borders of 
the lower ribs were eroded bilaterally. The 
Elahn test was negative. The patient was 
seen again two years later during wliich period 
he had led a normal life but had noted mild 
dyspnea and palpitation on exertion. At 
this time the chest film revealed an increase of 
the tumor to the dimensions of 10 by S cm. 
The preoperativc diagnosis was aortic coarc- 
tation probably on the basis of a neurofibroma. 
Thoracotomy revealed a saccular aneurj’sm 
of the upper descending aorta, 11 cm. long and 
8 cm. wide. Its attachment to the aorta was 
7.5 cm. long. A smaller, daughter aneur3'^Em 
arose from the large aneurysm. The aorta 
seemed constricted at its junction with the 
upper end of the aneurysm. Resection of the 
aneurysm and of the entire aneuiy^m bearing 
segment of the aorta was carried out. Recon- 
struction of the aorta was not done. During 
the postoperative period the blood pressure 
rose to 220/130. On the seventeenth post- 
operative day there was an episode of cardiac 
decompensation which responded well to 
treatment. About eight months after the 
operation the patient took up his regular ac- 
tmties. The chest film showed some sym- 
metrical cardiac enlargement and an increase 
in the notching of the ribs. The blood pres- 
sure was 190/115. The urine was normal. 
Kidney function tests showed no abnormal- 
ity. — Aortectomy for Thoracic Aneurysm, J. 
Alexander & F. X. Byron, J. A. M. A., 
December 30, 1944, 126: 1139. — (ff. Aheles) 


Mitral Stenosis and Silicosis. — ^The diag- 
nosis of silicosis must be b.ased on clinical 
cadence, not on roentgenological changes 
alone. In a 20 year old white man the roent- 
genological diagnosis of silicosis had been 
made. He iiad been working cighty-threc 
d.ays in a building in which a crusher of filter 
material was operated. The filter material 
consisted of finelj' ground silicate. The 
patient had far less exposure than 8 other 
persons who worked in the same building and 
of whom none developed signs or sjmptoms of 
silicosis. Physical axamination of the patient 
revealed mitral stenosis. Fluoroscopy showed 
enlargement of the left auricle. Roentgeno- 
logical examination revealed accentuation 
of the pulmonic conus and of the left auricular 
outline. There was diffuse mottling through- 
out both lungs, a picture similar to that found 
in silicosis. The pulmonaiy’ changes in this 
case were apparcntlj’’ due to congestion, re- 
sulting from mitral stenosis. — Pulmonary 
liocntgcnographic Changes Due to Mitral 
Stenosis Simulating Those Due to Silicosis, 
H. TF. Ryder & H. G. Rcinchc, Am. Heart 
J., March, 1945, 29: 327.— {G. C. Lcincr) 

Subacute Pulmonary Endarteritis. — Clin- 
ical cases in wliich Streptococcus tiridans has 
produced isolated vegetations on the intima 
of the pulmonaiy artery are infrequent. It 
is not unusual, however, to have a spread from 
the pulmonary semilunar valves for some dis- 
tance up the pulmonarj’^ arterj'. Isolated 
vegetations situated in the pulmonary arteiy 
above the valves are associated with patho- 
logical lesions of a varied nature, and of tliem 
congenital defects in tlie heart and great 
vessels are the most important. A case of 
S. viridans endarteritis is reported in a 4^ 
year old wliite girl. Tliis patient died ap- 
proximately eight weeks after the onset of the 
disease. The postmortem showed subacute 
bacterial pulmonarj’’ endarteritis with mul- 
tiple septic infarcts in the right lung. No 
changes were found in the heart and giefit 
vessels which might accoimt for the atypical 
localization of the vegetations. The vegeta- 
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lions in the puhnonarj’ arterj' consisted, to a 
large extent, of necrotic tissue arising from 
the vessel wall. This is in accordance with 
the obser\'ations that the vegetations in endo- 
carditis are derived largely from the tissue of 
the valves. In the present case, the lesions 
developed in the lesser circulation, involved 
an apparently pre\'iousl 3 ' healthy vessel wall, 
and occurred in an atypical location where 
undue mechanical stress could not be postu- 
lated. 5. viridans localized, therefore, in a 
manner resembling that of the aggressive 
organisms encountered in acute endocarditis. 
Tliis assumption also seems supported bj' 
the fairb' rapid course of the disease. How- 
ever, the appearance of the lesion and other 
important clinical and pathological findings 
arc those usually found with subacute bac- 
terial endocarditis. (IVith 2 plates.) — Sttb- 
aculc Bacterial (Strcptococcxis Viridans) Pul- 
monary Endaricrilis, /I. E. Rhoden, J. 
Path., May, lOJfS, 21: 507. — {J. S. Woolley) 

Exudative Pericarditis. — new roentgeno- 
logical sign of exudative pericarditis is de- 
scribed. It consists of a change of the heart 
shadow with respiration: The orthodiagrapliic 
diameter of the heart decreases with inspira- 
tion and increases uith expiration. A moder- 
atelj' large amount of pericardial effusion and 
a good respiratorj' motility of the diapliragm 
are necessary' to produce this sign. It was 
seen in a 25 year old female in whom the clin- 
ical diagnosis of septicemia with pericarditis 
was made. The orthodiagrapliic diameter 
of the heart was 15 cm. during the expirium 
and 12.5 cm. during the inspirium. At 
autopsy 300 cc. of fluid were found in the 
pericardium . — tJber Rontgensymptome bei cx- 
sudativer Perikardilis, L. WaUd6n, Upsala 
ISkaref. fork., September SO, 1942, 48: 13S . — 
(G. C. Leiner) 

Hemorrhagic Tuberculous Pericarditis. — 
Two cases of hemorrhagic pericarditis are 
described. Inoculation of the exudate into 
a guinea pig proved the diagnosis of tuber- 
culosis. Both cases recovered, and the re- 


coverj’’ is ascribed to the small number of the 
tubercle bacilli present and their mild viru- 
lence . — Piricardites himorrhagiques tubercu- 
Icuscs curabics, R. Dup6ri6, A. Fonian & R. 
dc Lachatid, J. mtd. Bordeaux, 1942, 119: 49. 
— (ff. Simmons) 

Silicosis of Pericardium. — Silicosis of peri- 
cardium is rare. A 51-year-old white man, 
stonecutter, in whom a left pneumothorax- 
had been induced for silicotuberculosis, was 
admitted to the hospital. On admission the 
chest roentgenogram showed a left hydro- 
pneumothorax with almost complete collapse 
of the lung, and diffuse nodular infiltrations 
throughout the right lung. Electrocardio- 
graphic examination revealed an inversion of 
the T wave and slurring of the QES complex 
in lead II. The patient died with the signs of 
pulmonary insufficiency. On autopsy, sili- 
cotic foci and tuberculous cavities were found 
in both lungs. Silicotic foci were seen in the 
tracheobronchial and peribronchial lymph 
nodes. The heart weighed 360 g., the right 
ventricular wall measured 8 mm. in diameter, 
the left, 11 mm. The pericardial cavitjf was 
obliterated and the parietal pericardium was 
adherent to the left pleura. Microscopic 
e.xamination showed silicotic foci within the 
visceral pericardium over the left ventricle. 
No silicotic foci were found in the myocar- 
dium. It is believed that these findings 
prove the conununication between pleural 
and pericardial lymph vessels . — Silieosis of 
the Pericardium: Case Report, Marguerite G. 
Stemmermann, Am. Heart J., May, 1945, 
29: 642. — (G. C. Leiner) 

Erythema Nodosum. — The old ^^ew was 
that erythema nodosum is frequently, if not 
generail}’’, an ex-pression of rheumatism even 
when no other definitely rheumatic ssunptoms 
are present. More recently' great doubt has 
been expressed regarding such specific asso- 
ciation of the two conditions. The recogni- 
tion of small epidemics of this condition led 
some obsert'ers to consider it a specific in- 
fectious disease. Isolation of a specific 
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causal organism, however, ha's never been 
confirmed. Studies revealed the fact that it 
is not infrequent for the eruption to be 
followed some months later by e^ddence of 
tuberculosis such as a pleural effusion or tuber- 
culous meningitis. It has been shown in 
Scandinavia that the vast majority of children 
with erythema nodosum have stronglj' posi- 
tive tuberculin reactions; in addition many 
cases present radiological evidence of en- 
largement of the hilar lymph nodes and, in a 
smaller number, shadows of primary tuber- 
culosis. Several investigations have clearly 
shown that the occasional epidemics seen in 
schools and institutions are in the vast major- 
ity due to recent simultaneous infection with 
the tubercle bacillus. Very few of the at- 
tempts to demonstrate tubercle bacilli in the 
actual nodes have been successful and these 
few successes are probably avplained by the 
assumption that the cultures were made at a 
time when there was a tuberculous bacillemia. 
As a result of these investigations the theory 
was put forward that erythema nodosum 
occurs during primary tuberculous infection 
at the time the patient first develops hj^'per- 
sensitivity to tuberculin. Punch (1941) ob- 
sennd that in a number of student nurses 
undergoing regular tuberculin-testing the 
change from a negative to a positive tuberculin 
reaction was marked bj’’ the development of 
erythema nodosum. However, in a series of 
SOO cases 5 per cent showed a negative tuber- 
culin reaction. Furthermore cases of erup- 
tion have occurred in patients knorna to have 
been infected with tubercle j'ears before and 
who show evidence of this old infection in the 
form of calcified liilar nodes. The occasional 
development of erjdhema nodosum after 
hemol}i;ic streptococcal infections such as 
scarlet fever has been obsen’ed. Further, 
about 5 per cent of patients with coccidioido- 
mycosis show typical crj-thema nodosum. 
Erj'thcma nodosum is occasionally met with 
as an episode in the prolonged clinical histories 
of some ciises of sarcoidosis. Occasional!}", 
after the use of sulphonamides, an eruption 
indistinguishable clinically and histologically 
from erythema nodosum results — the erup- 


tion, however, fades away rapidly when the 
drug is stopped. In a series of 112 cases 
studied by the author, 38 were males and 74 
females. Of these, 61 were strongly positive 
to 0.01 mg. of tuberculin. In 21 of the 61 , 
the X-ra}*^ films showed enlarged liilar shadows 
and some of these also showed a shadow of the 
primary lesion. One patient had t 3 "pical 
tuberculous cervdcal adenitis; one patient 
died later of tuberculous peritonitis and 4 
cases subsequently dev’^eloped a pleural effu- 
sion. Only 10 of the 112 cases had a history 
of acute rheumatism — ^in only 2 of these was 
there any evddence of a rheumatic relapse. 
The author concludes that er 3 i;hema nodosum 
must be regarded as the result of a nonspecific 
reaction to a variety of infections or to.vic 
agents and that it is not a specific disease. — 
Aetiology of Erythema Nodosum, C. B. Perry, 
Brit. M. J., December SO, 1044, 2: S4S. — {D. 
H. Cohen) 

Hodgkin’s Disease. — A 44 year old, white 
man noted a lump on the midposterior aspect 
of the right calf in hlarch, 1939. In August, 
1939 it ulcerated and had a purulent dis- 
charge. Soon afterwards several more lumps 
developed in the surrounding region as well as 
on the opposite calf. A biops}’’ of the skin 
lesion was reported as idiopathic multiple 
hemorrhagic sarcoma. The patient received 
radiation therapy. In September, 1940 he 
first e.vperienced chills, fever and sweating. 
He was admitted to a hospital in Nov^ember, 
1940. Physical examination rev'ealed slightly 
enlarged submmdllar}’- l}Tnph nodes. The 
skin of the left buttock and of the right pop- 
liteal space showed multiple shallow ulcers. 
Many brown and gra}dsh-bl3ck spots were 
present on both legs. There was a moderate 
secondary anemia. A blood culture was 
negative. A roentgenogram of the chest 
was essentially negative. Three days after 
admission the patient developed erythematous 
skin lesions which became nodular in character 
witliin twenty-four hours. Microscopic e.x- 
amination of the new lesions revealed a slight 
endothelial and fibroblastic proliferation about 
small blood vessels. The older lesions showed 
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findings typical of Hodgkin’s disease. On tke 
eighth hospital day hundreds of small papular 
nodular ciythematous lesions appeared. Chilis 
and fever were associated with the new erup- 
tion. The patient died eight days later. 
The autopsy diagnosis was Hodgkin’s disease 
of the skin with metastascs to the abdominal 
and pehne Ijunph nodes, trachea, lungs, 
pleura, esophagus, stomach, liver, spleen 
.and lumbar vertebrae. The occurrence of 
terminal blood-stream spread williout any 
e%'idenco of embolic cellultir element dis- 
semination is consistent with a virus etiology 
of Hodgkin’s disease . — An Unusual Case of 
Cutaneous Hodgkin’s Disease icith Terminal 
Blood Stream Spread, S. R. Bcrsack, J. A. 
M. A., December IG, 1944, 126: 1025. — {H. 
Abelcs) 

Sarcoidosis. — ^Theories regarding etiology 
are reviewed and summarized in four cate- 
gories; {1) nonairulent tubercle bacillus, (2) 
a nonspecific tissue response to various or- 
ganisms, (S) disease of the reticulo-endothelial 
sj’stem, similar to Hodgkin’s disease, and (4) 
a chronic infectious granuloma possibly due to 
a virus. The pathological lesion resembles a 
mili ary tubercle, being similar to the lesions 


Sabin has been able to produce in guinea pigs 
by injection of the phosphatide fraction of the 
tubercle bacillus. In all cases in which casea- 
tion was present, tubercle bacilli could be 
demonstrated, but none were demonstrable 
in the noncaseating lesion. The autJior does 
not rule out sarcoid because of the presence 
of a caseating lesion. The great majority 
of cases are hyposensitive or anergic to tuber- 
culin. Clinical features include insidious 
onset and extreme chronicity. The mani- 
festations depend on the structures involved, 
most commonly lymph nodes, lungs, skin, 
or bones. The disease is not incompatible 
with longemty. A case is presented which 
suggests kidney involvement because of noc- 
turia several times nightly over a period of 
several years, pyuria, cylindruria and hji^er- 
tension. Dyspnea led to X-ray examination 
wluch revealed bilateral hilar node involve- 
ment with bilateral productive infiltrations. 
Inguinal lymph node biopsy confirmed the 
diagnosis of Boeck’s sarcoid. The patient is 
alive and able to carry on moderate work two 
years after diagnosis and three years following 
the original symptoms. — Boeck’s Sarcoid, 
TF. L. Meyer, Dis. of Chest, Novemher-Decem- 
ber, 1944, 10: 509. — (X. R. Boucot) 
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World War I and Tuberculosis. — In the 
United States, World War I delayed the de- 
cline in tuberculosis mortality which had been 
going on for years previously. This mere 
failure of decline, however, meant that about 

20.000 people more died yearly from the dis- 
ease than would have died if the decline had 
not been arrested by the war. In most west- 
ern Europen countries not only did the decline 
in tuberculosis mortality cease but there was 
an abrupt rise in deaths with each year of the 
duration of the war not only in belligerent na- 
tions but in neutral countries as well, that is, 
not only Belgium, England and France suf- 
fered from increases m tuberculosis mortality, 
but also the Netherlands and Denmark. 
Particularly severe was the sharp rise in mor- 
tality in Germany, Austria and Hungary. 
Thus in Austria the mortality rose from 259 in 
1913 to 432 in 1917. In Russia and Poland 
the toll was even more appalling, for example, 
in the city of Lodz 1,164 per 100,000 died of 
the disease in 1917 . — World War I and Tuber- 
cidosis, G. J. Drolet, Am. J. Pub. Health, July, 
1945 , 35: 689. — (M. B. Lurie) 

Tuberculosis Control in Venezuela. — ^The 
population of Venezuela is 4,000,000. The 
greater part of the country is almost unin- 
habitable. Therefore, the population is con- 
centrated along the Carribean coast to the 
north and the range of the Andes to the West. 
The average general population density is 7 
inhabitants per square mile. Present knowl- 
edge of the tuberculosis problem is based on 
survej’-s undertaken since 1936. These cover 

250.000 observations by tuberculin testing and 


chest X-raying. In urban centres mortality 
reaches an average of 250 per 100,000, fluctu- 
ating from 210 to 470. Tuberculosis reaches 
12 to 23 per cent of the general mortality in 
certain cites. Caracas has shown some de- 
cline in mortality from 600 to 700 in 1900 to 
241 in 1943. Morbidity in urban centres is 
2.43 per cent, in rural areas 1.02 per cent, and 
among the Indians 0.98 per cent. Tuberculin 
testing reveals 20 per cent reactors in children 
under 4 rising to 83 per cent in those above age 
14 living in urban centres. Adults in semi- 
rural centres are 25.9 per cent tuberculin-, 
positive, in rural centres 27.3 per cent, and 
among the Indians 25.9 per cent. Vene- 
zuela’s antituberculosis campaign began in 
1936 with the creation of a Tuberculosis Divi- 
sion within the Ministry of Public Health and 
Social Welfare. This Division controls dis- 
pensaries and sanatoria and defines standards 
to be followed by private agencies. The sana- 
torium “Simon Bolivar” in Caracas has been 
organized as the National Tuberculosis Insti- 
tute. Twenty-one dispensaries cover the 
most important cities. They carry on epi- 
demiological studies, ambulatory collapse 
therapy, act as the sole agencies for referring 
patients to sanatoria and supervise the work 
of the Tuberculosis Associations. A sanitary 
regulation requires all workers to present a 
health certificate. This greatly increases case- 
finding activities. Shortage of nurses greatly 
handicaps the whole structure of the tubercu- 
losis control movement. In Caracas 4 con- 
tacts per case have been examined during the 
past year. The prevalence of active disease is 
7 per cent in contacts. For rural areas travel- 
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ing clinics with X-niy cquipincnt provwl n 
fnilnrc; therefore public Iicaltli dnclors arc now 
being trained to licad Public Ileallb Units 
acting as secondary networks of tuberculosis 
clinics to care for tlie GO per cent pojnilation in 
rund areas. There are 1,200 beds now avail- 
able for tuberculous patients; •l.aO Iic<is arc 
being added. Tiiberculo.si.s A.«'-'oei.alions arc 
especially engaged in seeking more beds and 
developing an crlucational jirogram. In 1037 
the Venezuelan Phthi.siological Pociet}' was 
founded. It acts as Advi.sorj* Board of the 
Division of Tuberculo.‘:is . — The Tulxrctilo’sis 
Problem and the Organization of the Tuhrren- 
hsis Campaign in Venezuela, J. I. Paldo, Dis. 
of Chcsl, Maij-Junc, IJ: 2~>0. — (A'. R. 
Boucot) 

Tuberculin and X-rny Studies In Twins. — 
Four hundred forty pains of twin.s,of which 14G 
(33.1 per cent) are considered as monozygotic 
and 291 (CC.S per cent) as diz 3 ’gotic, were 
studied. If the patch test of l’’olImcr was 
negative the intracutanoous test with 1 mg. 
of Old Tuberculin was done. X-ray studies 
were made at the same time. TJic age of the 
tmns varied from G to 15 years with an aver- 
age of 9.G years. Among the SSO twins, 243 
(27.6 per cent) were tuberculin-jiositive and 
637 (72.3 per cent) tuberculin-negative. The 
proportion of the twins with allergj’ was e.v- 
actly the same between the identical and non- 
identical twins. In 61 (13.S per cent) pairs 
both twins had a positive reaction,' in 258 
(58. 6 per cent) both had a negative reaction. 
In 121 (27.5 per cent) pairs one twin was posi- 
tive and the other twin negative. This allows 
the conclusion that in a majority the infection 
was not contracted simultaneously. Of the 
twins 81.3 per cent went to the same school and 
18.6 per cent to different schools. There was 
no difference in tuberculin tests if the twins 
did not go to the same school. The indav of 
27.5 per cent of positive results in the twins 
proves to be inferior to the results obtained in 
other groups of school cliildren in Argentina, 
which were between 29.5 per cent and 41.1 per 
cent in different groups of children with an 
average age from S.5 to 9.2 years. The geno- 


fj'pic factor does not exert an.v influence on 
(he acquirition of tuberculous infection. 
Twenty and four-tenths per cent of the twins 
between 6 and 7 ycir.s had a porilivc reaction. 
The pcrccrdage of positive re-'ictions was found 
highest in the group between 12 and 15 yeans 
where it was 49.3 per cent. X-raj* study 
showed the o.xi.stcncc of pulmonary lesion.? in 
33 twins rvhich were part of 22 pairs, 10 mono- 
zygotic and 12 dizygotic. In 1 1 pairs (4 iden- 
tical and 7 nonidentical) Ixrth twins had X-ray 
ondenco of pulinonarj’ involvement. In the 
11 other pairs, C identical and 5 nonidentical, 
onh' one of the twin.? was affccterl. Neither 
increase in the hilar marking.? nor increase of 
the bronchovasciilar markings was con.ridcrcd 
ns pathological. Tliirty-two casc-s showed 
some cndcncc of pulmonary lesions of tubercu- 
lous origin, one had hydatid cyst of the lung. 
Of those 33, 23 (69.6 per cent) had also a posi- 
tive .skin reaction. The remaining 10 eases 
(30.3 per cent) had a negative skin reaction. 
Of the 22 pairs in wliich both twins liad X-raj' 
evidence of tuberculosis, all lived in the same 
mcflium but 10 went to different schools. — 
Examcn radiologico-tuhcrcxdinico de 440 ■pare- 
sadc gcmelos cn edad cscolar, R. F. Vaccarezza, 
J. Dulrcy tt E. M. OUricri, Prensa mtd. 
argent., Avgust S4, 194-5, 32: 1GS9. — (IT. 
Sxcienty) 

Tuberculin Reaction and Environment. — ^It 
lias been possible for several j'ears to complete 
tuberculin testing of school cliildren in several 
Norwegian cities. Tuberculosis in school 
children is generallj’ characterized by primary 
infections and runs a benign course; therefore, 
an c-vamination so limited is of little signifi- 
cance in combating infection. However, 
when the work was e.xtended to include en- 
vdronment investigations centering about the 
tuberculin reactors, it then became VTiluable 
and the prospects of discovering sources of 
infection increased. This author carried out 
such an investigation in Bergen, Norwajq 
12,000 school cliildren were e.\*amined. All 
reactors were subjected to photofluoroscopy 
and all the Pirquet negatiAm scholars were ad- 
Aused to imdergo BCG vaccination. Of those 
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tested in all grades, 1,236 were found to be 
Pirquet positive and 1,155 of this group were 
screen-photographed. Three cases of active 
pulmonary tuberculosis were foimd, 11 cases 
of hilar adenitis and one case of pleuritis. 
Environmental investigation disclosed that 
more than one-half of those found to be posi- 
tive were already known to the Public Health 
Service, but 6 new cases of infectious tubercu- 
losis were discovered. The author has recom- 
mended the environmental investigations of 
tuberculin-reacting school cliildren as an im- 
portant aid in the campaign against tuberculo- 
, sis. — Tvberculin and Environment Investiga- 
tion of School Children, E. Berle, Acta.'med. 
Scandinav., October 19, 1943, IIS: 219. — {E. 
R. Lofkts) 

Tuberculin Reaction. — A munber of patients 
with Ghon tubercles and calcified hilar nodes 
had negative tuberculin reactions. Since 
positive reactions are believed to indicate 
sensithdty produced by living tubercle bacilli 
in the tissues, it would seem that, if the tuber- 
culin reaction became negative during repeated 
tests, this would indicate that living bacteria 
no longer existed in the tissues or were so com- 
pletely walled off tliat -there was no antigen 
available to induce the formation of antibodies. 
Also, since an increasing number of individuals 
receive only minimal infection with tubercle 
bacilli and are completely desensitized when 
the tubercle bacilli die off, such infections may 
be missed in the usual tuberculin testing of a 
community. One hundred and twelve chil- 
dren with Ghon complexes were studied at the 
Mayo Clinic. The age range was from 3 to 15 
years. The largest group consisted of 12 and 
13 year olds. There were 56.3 per cent males. 
Under age 12 there were more reactors than 
nonreactors. Between ages 12 and 15, there 
were more nonreactors than reactors. Of 20 
with a history of e.xposure to tuberculosis, 15, 
or 75 per cent, reacted to the first strength of 
PPD. In 7 patients with tuberculous lesions 
in addition to their Ghon lesions, all were posi- 
tive to the first strength. The geographical 
distribution corresponded to that of all Mayo 
Clinic patients. Therefore, patients with 


calcified lesions were not restricted to a partic- 
ular area. Fifty-seven, or 50.9per cent, of the 
112 children were positive to the first strength 
of PPD. Such deviation from the anticipated 
100 per cent cannot be accounted for on the 
basis of random sampling. Twenty-three of 
the 55 nonreactors to the first dilution were 
given a second test (0.005 mg. PPD per 0.1 cc.) . 
Eleven, or 47.8 per cent, were positive to this 
second dilution. Bernard et al., in studying 
184 patients ranging in age from 12 to 15 years 
who had positive X-ray erddence of tubercu- 
losis, found only 7 1 per cent failed to react 
to 1 mg. of OT. Wells and Smith found 55 
per cent of 128 negative. Gass et al. found 
little association between the tuberculin reac- 
tion and calcified lesions in 573 cases. Lloyd 
and MacPherson found that of 203 healthy 
normal children with positive tuberculin reac- 
tions, 2 per cent changed to negative after a 
two-year interval. Aronson and Dannenberg, 
after a five-year interval, found that 9 per cent 
of 86 patients shifted to negative from positive. 
Therefore, loss of sensitivity is not infrequent, 
but is no indication of waning immunity ac- 
cording to Willis and Sewall et al. A negative 
reaction to tuberculin in humans is no e\ddence 
that the indhddual never was infected nor that 
acquired resistance is lacking as stated by 
Rich. With an increase in minimal tubercu- 
lous infection and complete healing of primary 
tuberculosis, an indhddual may fail to react 
to tuberculin. This seems possible in \dew of 
the findings of Feldman and Helmholz that 
Ghon tubercles from a child 20 months old 
were negative for tubercle bacilli when a sus- 
pension of the tubercles ,was injected into 
guinea pigs. Whether such persons may again 
respond to tuberculous infection vdth a pri- 
mary complex as apparently occurred in some 
of the cases presented by Terplan must be de- 
termined by the study of a larger series. — 
Tvbcrcidin Rcadioii in Childrai mith a Ghon 
Complex: Rcvieiv of 112 Cases, Mildred .4. 
Norval, Am. J. Dis. Child., Jvly, 19//5, 70: 1. 
— (X. R. Boncot) 

Pulmonary Zones. — ^This study is based on 
examination of 188 humans and 90 other mam- 
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ninls. Tlio cIiiFsic concept of pulmonary 
asymmetrj' witli throe risht and two left loho-s 
is inexact. In 50 per cent only two lol)os were 
found on the ripht, and in 15 (ler cent there 
were three lohc.'^ on the left. Morewer, fi.s- 
Bures were found only in j>a(hoIn;;ical states 
or other special circninstances. Tlie tlieorj* 
that tlie ri{;ht n[)pcr lobe i.s .siiperndded i.s in- 
correct, for cinbryolopical .study .sliow.s- that 
the right upi)er and middle lobes arc homo- 
logucs of the left upj)cr and middle zones. 
These latter zones arc found joined together 
in S5 i)er cent of the ea.sc.s, with only a thin 
interzonal partition. Nine zones arc found 
in each lung, each antonoinon.s from the stand- 
point of bronchov.a.scuIar, h'mphatic and nerve 
supph’. The zone.s arc .separated b}' two thin 
interzonal clastic mombr.inc.s, homologues of 
the fis,sures, or by a fessure and a inembrano. 
The right upper, middle, and lower lobc.s have 
three, two, and four zone.s, rcsjjcctivcly, while 
the left upper and lower lobes have four and 
five. The existence of these zones, pyramidal 
in sluape, with apex towards the hilum, i.s 
confirmed by dissection, injection of radio- 
opaque material in pathologieal specimens, and 
clinical and radiologic studies in tuberculosis, 
pneumonia, earcinoma of the lung and lung 
abscess . — Zones pulmonaircs cl zonilcs: Ana- 
lomo-radiologic dcs zonilcs parliclks vcnlralcs 
moyennes droilcs, P. Coulouma, Schicciz. mcd. 
WcJinsdir., Avgiisl 19, 19J,/,, 74: SSG . — 
Gcrstciri) 

Soil and Primary Infection . — A report is 
given of 4 simultaneous cases of erythema 
nodosum in a famih' with G children, wliosc 
mother was .an undiagnosed open ease of pul- 
monary tuberculosis. All children were in 
poor general condition due to bad economic 
circumstances. Five of them showed evidence 
of active primary' infection with unusually pro- 
nounced pulmonary and glandular involve- 
ment. Only one child remained free from 
tuberculosis and had a negative sldn test. 
These observations are interpreted as a proof 
of the importance of the soil in tuberculosis. 
The similarity in the above cases in the form 
and development of the primary' infection with 


a particular tendency to skin manifc-stalions, 
such as erythema nodo.surn, i.s attributed to a 
special farnili.al .‘•en.sitivity toward.s the tuber- 
cle bacillus. — Tcrrnin cl primo-infcclion (a 
projm dc qunlrc rns dVridhimr nouaix fnmiltal 
sinttdlaiu's, J. <>Vri('!ri‘cr tt I’r. liardcl, Pec. 
dc In luhcrc., Jnminry-Fchrunrn, 19/, t, 6: S ',. — 
( 1'. Laics) 

Exogenous Reinfection In Tuberculosis. — 
The theory' of endogenous reinfection and the 
Bujijrorting arguments arc submitted to a 
critical rcovahiation. The question is brought 
up why’ single or repeated exogenous reinfec- 
tions could not produce the same effect as 
bacilli derived from the primary complex and 
wliethcr it i.s nflmi.s.siblc to attribute more ag- 
grc.s.sivc properties to the tubercle bacilli 
originating from an endogenous source. The 
theory that primary infection confers a specific 
life-long resistance against c.xogcnous reinfec- 
tion is not well founded. A relative resistance 
against axogenous reinfection has been c.vperi- 
mcn tally’ demonstrated only against a certain 
quantity of bacilli and only’ in certain animals 
wJiich Jiad been recently’ and massively in- 
fected. This docs not necessarily ajjply’ to 
human primary’ infection. Reference is made 
to the studies carried out in collaboration with 
Saenz and Cnnctti demonstrating sterilization 
of jjrimary’ foci and even disappearance of 
tuberculin sensitiA-ity* after primary infection. 
The clinical argument in favor of endogenous 
reinfection, imply’ing that axposed adults do 
not present a higher morbidity’ than nonax- 
posed ones, is considered erroneous, ns proved 
by’ statistical data (Rist, Simon, Opie, Mc- 
Phedran). Tlie argument of the practical 
non-existence of marital tuberculosis is with- 
out foundation, since it has been found in 25 to 
30 per cent of cases. However, marital tu- 
berculosis rarely' occurs simultaneously', wliich 
explains the fact that its frequency' was not 
noticed by' some observers. For all these 
reasons exogenous tuberculosis is considered 
not only possible but even rather frequent. 
The possibility of endogenous origin of tu- 
berculosis cannot be denied, but it represents 
a pathogenic mechanism which is neither ax- 
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elusive nor verj’ frequent . — Ucinfedtons exo- 
genes dans la tuberadose, P. Aincuillc, Pev. dc 
la iuhcrc., 19S9-40, S: ISW. — ( F. Lextes) 

Reinfection Lesions. — ^In 100 autopsies of 
subjects who had died of nontubcrculous dis- 
eases around the age of 45, 64 were found to 
have latent tuberculous reinfection lesions. 
The endogenous or exogenous origin of these 
lesions is discussed. There is no macroscopic 
nor microscopic criterium which would permit 
to decide this question, but one can investigate 
whether at the time of reinfection the primarj' 
complex still contained Imng tubercle bacilli 
which would make an endogenous reinfection 
possible. The virulence of the primary com- 
plex is ndther indefinite nor e.xtremely long 
lasting as formerly believed. Inoculations of 
primarj' complexes revealed that these lesions 
are sterile in 50 per cent at the stage of casea- 
tion and in 80 per cent at the stage of calcifica- 
tion and fibrosis. According to these findings, 
primary complexes would contain virulent 
bacilli only in about 20 per cent a few years 
after primarj' infection, that is, during child- 
hood, adolescence and early adulthood. The 
opinion is expressed that most reinfection 
lesions occur at a later age. Some develop 
in childhood consecutively to postprimary dis- 
semination, resulting in Simon foci, but they 
are considered very rare. On the other hand, 
statistics are quoted indicating an increase in 
reinfection lesions between the ages of 30 and 
60. These two facts, early sterilization of the 
primary complex and relatively late occurrence 
of reinfection lesions, indicate that the ma- 
jority of reinfections must be of exogenous 
origin. From a pathological vieu'point, the 
main difference between primary and latent 
reinfection lesions is the absence of lymph 
node participation in the latter, the patho- 
logical aspects of the lesions themselves being 
. rather similar. The possible causes for this 
change in lymph node reaction are: (i) dif- 
ference in tlie age at which primarj’ and rein- 
fection lesions occur, the participation of 
lymphatic tissue being always more important 
in childhood; (2) the nonspecific alterations 
produced in the course of time by nontubercu- 


lous causes in the Ij’mph nodes (anthracosis, 
silicosis) ; (5) a state of allergy produced under 
the influence of a preceding primary infection. 
— Lc diagnostic anaiomique des Usions de rein- 
fection latcntc, G. Canelti, Rev. de la tuberc., 
1939-40, S: 1391— { V. Leites) 

Bacteriology of Tuberculous Cavities. — 
Thirtj'-three postmortem examinations were 
made on the bacteriologic flora associated with 
tuberculous pulmonary ca%'itation. Staphy- 
lococci, streptococci, pneumococci and micro- 
coccus catarrhalis were found in the exudate 
of ca^'ities and their draining bronchi in the 
frequency named. Within the walls of the 
cavities onlj’ tubercle bacilli were demonstra- 
ble. In no instance were other organisms 
foimd within the w'alls in intimate association 
with tubercle bacilli. The authors conclude 
that tuberculous pulmonary tissue is refrac- 
tory to pyogenic infection . — La flora micro- 
biana dc las cavernas tuberculosas pulmonares, 
A. A. Raimondi, R. Scartascini tfc F. M. Gon- 
zalez, Arch, argent, de tisiol., October-December, . 
1944, 20: S67. — {R. Kegel) 

Prognosis in Tuberculosis. — Study of the 
sedimentation rate and of the sputiun for 
tubercle bacilli was found to be helpful in pre- 
dicting the prognoas of patients with tubercu- 
losis. The material comprises 2,500 cases, 
and the observation period was from five to 
fifteen j'ears. The sedimentation rate at the 
beginning of the period of observation, or 
when the patient’s sputum was first found to 
be positive, is a very valuable prognostic sign. 
At the end of ten years, 33 per cent of patients 
with normal sedimentation rates were dead, 
whereas 75 per cent of patients with high 
sedimentation rates had died of tuberculosis. 

Of even greater importance w'as the value of 
the sedimentation rate at the end of the first 
period of sanatorium treatment, which was at 
least three months in each case. It was found 
that at the end of ten years 25 per cent of those 
discharged with normal sedimentation rates 
were dead, whereas 80 per cent of those dis- 
charged with elevated sedimentation rates had 
died. The importance of the bacteriological 



72 


ABSTRACTS 


findings in the sputum is upprccintcd wlien it 
is noted that among those discliargcd with a 
negative sputum 30 per cent were dead within 
ten years, wlicreas 73 per cent of those with 
positive sputum were dead at the end of the 
same period of time. Although a favorable 
prognosis can be given to a patient wlio is dis- 
charged with a negative sputum and a normal 
sedimentation rate, it is to bo noted that the 
death rate among this favorable group is still 
three to four times higher than that of the 
corresponding normal death rate. It is also 
noteworthy that this favorable group com- 
prises only about 10 per cent of those dis- 
charged alive . — The Influence of the Sedimenta- 
tion Rate aiid the Baclcriolotjical Finding dur- 
ing the First Period of Care on the Prognosis in 
Cases of Open Pulmonary Tuberculosis, G. 
Berg, Acta mcd. Scandinav., June 33, 19//2, 
110: 55S. — {H. Marcus) 

Incipient Pulmonary Tuberculosis. — ^The 
authors have studied 300,000 X-ray plates 
and have found among them CS cases of in- 
cipient tuberculosis. The interval between 
normal and first pathological findings as evi- 
denced by X-ray c-vamination was generally 
one year, in some instances longer, but always 
less than two years. Among the 6S detected 
cases of incipient tuberculosis, 42 had an 
interval between a normal and a pathologic 
X-ray film of less than one j'ear, and 20 of one 
to less than two years. The cases are divided 
into primary and postprimary infections. 
The authors prefer the expression “post- 
primary” to “reinfection.” There were 9 
primary infections of which 6 showed paren- 
chymal, 2 pleural localization. One case had 
a possibly true primaiy bronchial lesion. The 
primary infection was exclusively in subjects 
14 to 21 years of age. Onlj' 2 were 23 and 24 
years of age, respectively. The detection of 
the disease was so early that no spread had 
occurred. There was swelling of tlie medi- 
astinal lymph nodes in all cases, but the 
reaction of the nodes was less than in children. 
All were found by routine X-ray e-xamination 
but for one case who had an erythema nodo- 
sum. The tuberculin reaction did not give 


any indication ns to the severity and develop- 
ment of the pulraonar 3 ’ lesions. In 2 eases 
tubercle bacilli were found. Fifti'-nine cases 
of postprimar^' infection were found. Fifty- 
eight cases had incipient pulmonary lesions. 
One ease was an incipient bronchial tuberculo- 
sis, which is thought to be postprimai^'. This 
shows the enormous preponderance of the 
loeilization of the reinfection in the pulmonaia’' 
parenchj’ma. As to the loealization, GO cases 
(91 per cent) were unilateral. The right lung 
was infected in 3G cases and the left in 24 cases. 
Six (9 per cent) showed bilateral localization, 
but 5 of the latter liad an X-my film taken at 
an interval longer than one year, so it is possi- 
ble that they had really begun as unilateral 
cases but escaped detection. Thirteen per 
cent of the unilateral cases showed carutation. 
The tjTre of disease was infiltrative in'44 (CS.75 
per cent), nodular in 12 (1S.75 per cent), in- 
filtrative-nodular in S cases (12.50 per cent). 
Tracheobronchial lesions without X-ray eri- 
dence but with positive bronchoscopic findings 
w'cre present in 2 cases. Most of the infiltrates 
were localized in the lateral subclaxicular 
region; so were most of the nodules. The 
infiltrative-nodular tj-pe was localized with 
equal frequenej' in the apex, in the lateral and 
medial subclavicular regions. The postpri- 
mary tuberculosis or reinfection was diagnosed 
only if tuberculin allergj' existed in subjects 
wiio were negative from a clinical and X-ray 
standpoint. Almost all had been contact 
cases. There was X-ray evidence of calcifica- 
tion or other signs of healed primary infection 
with complete absence of adenopatlija The 
postprimary infection is either localized in pre- 
\iously normal lung tissue or is a reactivation 
of a prerious cliildhood infection. Ten per 
cent were reactivations of preriousty existing 
foci. The bilateral cases are generall}’’ localized 
in the apices and correspond to reactivation of 
previously existing foci. An important por- 
tion of the unilatenal cases are eAudently due to 
coalescence of several pree-xisting foci at the 
site of a perifocal axudate. There was no case 
of hematogenous or of bronchial spread. 
The sputum contained tubercle bacilli in 
76.66 per cent of 30 cases in which bacteri- 
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ological studies were made. Hemoptysis was 
one of the eivrly symptoms and was present in 
7 cases. The most common age was between 
21 and 30 years (29 cases) ; 23 cases were be- 
tween 15 and 20 years. The infiltrate was 
most frequent in the age group between 21 
and 30 years. There was no difference in sex 
distribution. An important portion of the 
early infiltrates seem to be of exogenous origin 
by contact and favored by a depression of 
specific and nonspecific defense reactions of 
the organism. Eight cases showed the first 
sjuaptoms of tuberculosis during or after preg- 
nancy; of these, 2 during the first three months, 
2 in the eighth month of pregnancy and 4 
during the first two months of the puerperium. 
Not included in these findings are numerous 
cases of purely pleural beginning of tubercu- 
losis in pregnant women. In only 7 cases 
could an axogenous superinfection be proved; 
all were in hospital persoimel; 2 were physi- 
cians and 5 were nurses. AH of them had a 
high allergic reaction previous to the beginning 
of their pulmonary disease. Six showed infil- 
trates, one an early cavitation and the remain- 
ing case was of the infiltrative-nodular type. 
The localization was in the right lung in 6 
cases . — Formas de iniciacion de la tuberculosis 
■pxdvionar del ad^dto, A. C. Artagavmjlia, L. E. 
Matos, C. S. Laso & A. Crisci, Rev. de tuberc. 
d. Uruguay, March 12, 1944, 12: 2S7. — (TF. 
Sivienty) 

Incipient Pulmonary Tuberculosis. — ^This is 
a study on 35 cases of initial lesions observed 
at a tuberculosis clinic for pre- and postnatal 
and student prophylaxis. The interval be- 
tween normal X-ray findings and the appear- 
ance of the lesions was less than three months 
in 9 cases, less than six months in 14, less than 
nine months in 21, less than twelve months in 
25, less than fifteen months in 30, and less than 
eighteen months in 35 cases. In 4 cases the 
appearance of the lesions coincided with the 
turning positive of the tuberculin reaction: in 
these cases the possibility of a primary tuber- 
culosis can be admitted. Eighty-eight and 
four-tenths per cent of the cases showed positive 
tuberculin reactions previous to the appear- 


ance of the lesions. Most of these patients 
were asjunptomatic until the X-ray diagnosis 
was made, except cases with pleural involve- 
ment and ^vith acute caseous disease. The 
symptoms, when present, were: hemoptysis, 
grippal syndromes, persistent upper respira- 
tory infections, erythema nodosum and in one 
case a typhoid status. Pulmonary infiltrates 
with or without ca^dtation constituted 48.6 
per cent of the cases. The remainder of the 
cases were: corticopleuritis with effusion, 
tracheobronchial lymphadenopathy, caseous 
bronchopneumonia, nodular hematogenous 
tuberculosis and bronchial tuberculosis. It 
was noteworthy that tuberculous pleurisy and 
corticopleuritis was twice as frequent in preg- 
nant women as in the other patients. In 29.40 
per cent of the cases there was cavitation 
present at the moment of X-ray diagnosis. 
Only 28 per cent of the cases showed roent- 
genological changes previous to the appearance 
of the active lesions . — Formas de iniciaddn de 
la tuberculosis pulmonbr en el adulto, F. D. 
Gomez & C. Epifanio, Hoja tisiol., June, 
1945, 5: 2. — (L. Molnar) 

Interstitial Tuberculosis . — A special form 
of pulmonary tuberculosis is described, which 
is thought to be clearly distinct from common 
bronchogenic phthisis as well as from dissem- 
inated tuberculosis. The radiological charac- 
teristics are: (J) trabecular and reticular 
changes forming a network which is wider near 
the hilum and denser at the periphery, sug- 
gesting lobular contours; {2) micronodular 
infiltrations, miliai’y or submiliary in size. 
These two elements are combined in various 
ways resulting in different radiological aspects. 
The lesions are mostly bilateral, although 
predominantly unilateral cases may occur. 
Another characteristic feature is the mainly 
cortical locaUzation of the infiltrations. Two 
categories of cases are recognized: (I) the pme 
reticulo-nodular forms; {^2) reticulo-nodular 
forms accompanied in the course of their de- 
velopment by infiltrations and cavity forma- 
tions of various extent. The lack of important 
clinical symptoms in association with the 
extensive X-ray findings is characteristic. 
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The patients are in good general condition and 
are mostly afebrile. Another diagnostic fea- 
ture of these forms is the frequent association 
with pleural and laryngeal involvement, the 
former being present in two-thirds of cases. 
Laryngeal complications were foimd in ap- 
proximately 30 per cent of cases (as compared 
to 10 per cent in bronchogenic tuberculosis). 
The laryngeal lesions were nodular or ulcera- 
tive in character. The majority of these 
patients had very slight expectoration. Some 
had negative sputum or sputum containing a 
relatively small number of bacilli. These 
facts made a direct propagation of bacilli from 
the lung to the larynx unlikely. The propaga- 
tion is thought to be l 5 nnphogenous (in the 
submucous lymph system) . The development 
of these forms of pulmonary tuberculosis is 
extremely variable, ranging from complete 
radiological clearing to extensive fibrosis. 
The third possibility is the formation of new 
infiltrations which can go on to absorption or 
excavation. The formation of new lesions is 
clinically almost always silent in these forms 
of tuberculosis. The anatomical basis of the 
described ^drome is thought to be an in- 
volvement of the interstitial tissue of the 
lymphatics and perilobular spaces combined 
with miliary tubercles, located as well in the 
interstitium as in the alveoles. The progres- 
sion is felt to be lymphogenous (within the 
lung itself and to distant organs). — Syndrome 
radio-dinique commun a certainee formes de 
iuhereuhsc pulmonaire d'aHure interstitielle 
'pridominante, F. ToM, M. Degeorges <fc J. 
ChenehauU, Rev. de la iuberc., Jubj-Ocloher, 
1941, 6: S77.~-i V. LeUes) 

Oto-cardiac and Ocnlo-caidlac Reflexes in 
Pulmonary Tuberculosis. — On female patients 
suffering from pulmonary tuberculosis it is of 
great importance to study the autonomic 
nervous system, whichever be the parasym- 
pathetic imbalance present. This study is of 
value only when done together with X-ray 
studies and other tests since alone they are of 
little help in the evaluation of the progress of 
the disease. Several tests exist for the exam- 
ination of the autonomic nervous system. 


The oto-cardiac and oculo-cardiac reflexes 
were studied; 64 female patients were exam- 
ined. The following conclusions are drawn: 
(a) The oculo-cardiac reflex is a better indax 
for the evaluation of the progress of the disease 
than the oto-cardiac reflex. (6) Often both 
reflexes are not in accordance with other tests, 
usually performed, as, far as the prognosis of 
the disease is concerned, (c) In 97 per cent 
of the cases studied both reflexes were re- 
versed. (d) These reflaxes should be looked 
for routinely in order to formulate a more 
accurate prognosis, (e) The instability of the 
reflexes is related to the instability of the 
autonomic nervous system and to tuberculosis. 
The authors refer to Balaize who studied 100 
patients and drew the following conclusions: 
(1) The number of increased reflaxes is less 
than normal in tuberculous patients, while 
the number of reversals is higher. (£) Prog- 
nosis is good on patients with an exaggerated 
oculo-cardiac reflex (somewhat vagotonic). 
(S) Prognosis is bad on patients with a sym- 
pathicotonic reflex. (4) The evolution of the 
reflex parallels the favorable prognosis of the 
disease. (5) Reversal of the reflex or a no- 
ticeable decrease in the pulse rate follows ag- 
gravation of the disease. — Reflifooculo-cardiaco 
y olo-cardiaco in la tuberaidois pulmonar, A. P. 
HeudUass, J. A. Marti & A. Adarno, Bol. d. 
Hosp. F. Saniojanni, 1945, 1: 175. — (P. B. 
Franca) 

Treatment of Hemoptysis. — Ten cc. of 
novocaine, 1 per cent, were injected into the 
stellate ganglion according to White’s tech- 
nique in 3 cases of severe pulmonary hemor- 
rhage. If the site of injection is correctly 
chosen, a Claude-Bemard-Homer’s syndrome 
becomes manifest and persists for about 
thirty minutes. In each of the 3 patients thus 
treated the hemorrhage stopped and the in- 
jections were repeated at four-day intervals to 
prevent recurrence or to stop hemorrhages if 
they recurred. — Profs cas d’htmopiysie iraiii 
avcs succes par infdlraiions anesthciique du 
ganglion sympatique cervical stcUaire, F. A. 
Tcniry & J. Vicaire, Rev. dc la inhere., 1941, 
No. 9/10, 6: 571. — (G. Simmons) 
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Early Diagnosis of Tuberculosis. — From 
1924 tlirougli 1939 there was a steady decline 
in the annual number of cases of respiratorj’^ 
tuberculosis in up-state New York. Begin- 
ning in 1940 in males there was a strildng 
increase in cases reported. A less marked in- 
crease occurred in females in 1942. The 
increase in reported cases in males was largely 
due to an increase in minimal cases in the age 
group 20 to 34. In females, the increase was 
largely due to an increase in minimal cases in 
tlie age group over 35. It is believed that the 
increase in reported cases was not due to a 
greater development of tuberculosis during 
tliis period but to the discovery of more cases 
by the mass chest X-ray examinations prac- 
ticed by the army and industrial institutions 
during tliis time. An upward trend in the 
proportion of minimal cases reported began 
before the increase in the total number of 
cases reported, suggesting an improvement in 
the early diagnosis of the disease which was 
independent of the mass X-ray surveys. 
Respiratory tuberculosis is now primarily a 
disease of adults in both sexes during the period 
of greatest social and economic significance.— 
Recent Trends in the Early Diagnosis of 
Tuberculosis, E. X. Mikol & R. E. Plunkett, 
Am. J. Pub. Health, December, 1945, 35: 
1260. — (ilf. B. Lurie) 

Roentgenology of Regional Anatomy of 
Lung. — This is a long, well illustrated article 
not fit for abstracting. It should be read in 
the original since without illustrations it is 
difficult to follow. The following summary is 
offered: (I) The X-ray topography of the pos- 
tero-anterior region of the antero-superior 
lobules is studied. This is called supra-hilum 
posterior region. (2) The supra-hilum pos- 
terior region rests on a practically immovable 
surface and its slight movements are indirectly 
caused by the diaphragm and the ribs when 
these act upon the whole bronchial tree, push- 
ing the main bronchus downward, outward 
and forward. (S) In the supra-hilum pos- 
terior region the greatest percentage of tertiary 
cavities are localized. ( 4 ) It is in the supra- 
hilum posterior region where most of the 


residual hematogenous lesions of primary in- 
fection are localized. (5) The radiological 
study of this region is of interest especially in 
cases of subclavicular, supracisural, hilar- 
apical and hilar-clavicular infiltrations. — To- 
pografia radiografica de regiones especiales del' 
pulmon, S. P. Heudtlass & J. Marti, Bol. d. 
Hasp. F. Santojanni, 1945, 1: S9. — (P. B. 
Franca) 

Fluoroscopy of Diaphragm. — Determination 
of pleural lesions is of the utmost importance 
in predicting the success of pneumothorax in 
pulmonary tuberculosis. After observing 600 
patients over a period of four weeks it was 
found that ordinary anterior-posterior fluoros- 
copy was not sufficient for examination of the 
costophrenic sinus. In 171 of the 600, pleural 
changes were evident. In 55.8 ■ per cent 
changes were present in the anterior part of the 
sinus, in 7.6 per cent in the anterior and pos- 
terior, in 15.6 per cent in both, and in 21.0 per 
cent throughout. Only in the latter group 
could antero-posterior views show abnormali- 
ties. This emphasizes the need for turning 
patients in all directions in examining the 
costophrenic sinus . — Beitrag zur Durchleuch- 
tungsiechnik des Zwerchfells, H. C. Iselin, 
Schweiz, med. Wchnschr., July 28, 1945, 75: 
659 . — (/. Gerstein) 

Azygos Vein. — Roentgenographically the 
azygos vein can be demonstrated in about 25 
per cent of all antero-posterior views as a small 
knob-like shadow in the right tracheobronchial 
angle. It may be confused with a lymph 
node in this position. Slight turning of the 
patient may bring the shadow into view in a 
greater number of cases. The part of the vein 
that is visible is the horizontal curve as the 
vein bends over the lung root to join the 
superior vena cava. When an azygos “lobe” 
is present the vein swings out laterally and in 
its course over tlie limg it squeezes off a por- 
tion. This is not a true accessory lobe be- 
cause' it is only incompletely separated from 
the right upper lobe and has no true bronchus 
or blood supply of its own. Since the vein is 
extrapleural, the azygos pseudolobe is sepa- 
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rated from the right upper lobe by both the 
parietal and the visceral pleura, four layers in 
all. This explains why the azygos “lobe” 
frequently fails to collapse when right pneumo- 
thorax is induced. In such cases it is easily 
seen suspended, as it were, from the dome of 
the pleura, and it has been mistaken for broad 
adhesions . — Die Vena Azygos im Roentgen- 
bilde, H. Schenk, Schweiz, med. Wchnschr., 
June 9, 19/f5, 75: 528. — (H. Marcus) 

Photofluorography and Fluoroscopy.— The 
problem discussed is the examination of as 
large a segment of the population as possible 
in order to eradicate tuberculosis. The 
method suggested is costly and involves much 
work, but is quicker than any other. Fluor- 
oscopy and photofluorography are to be used 
together, with the former done first. Films 
may then be taken in special positions. The 
disadvantages of the photofluorograph when 
used alone, including hiding of large areas of 
the lungs by heart and diaplmagm, confusion of 
muscle and breast shadows, and difficulty in 
•e.\amining apices, are eliminated by fluoros- 
copy. The following administrative and 
nontechnical problems are then discussed; 
education of the population in the problem of 
tuberculosis; education and choosing of physi- 
cians for the job; examination of units like 
schools and factories first; preparation of 
equipment needed for the. job; examination of 
contacts at frequent intervals; social help for 
the tuberculous . — Die Reihendurchleuchtung 
und das Schirminldverfahren, M. Hopf, 
Schweiz, med .Wchnschr., December SO, 1944, 
74: 1S56 . — (/, Gersiein) 

Photofluorography. — ^The principle of the 
photofluorograph was first described by Bleyer 
in 1S96, but was not developed further until 
1921, when Scliinz described the process and 
improved upon it. The present study began 
in 1939 when X-raj' films were taken on 5,762 
students, w'orkers and army personnel. The 
advantages of speed and cheapness made 
screening of large numbers easy. Technical 
improvements were so great that there were 
only 33 failures for such reasons. The 24 by 


24 mm. film was found to be the best, but the 
68 by 68 mm. film was better for detail in 
miliary tuberculosis and silicosis. One of the 
special problems is ability to read the film, as 
shown by large variation in positive findings 
with different examiners. A special key for 
the description of positive findings is given. 
Using this, the investigators found that 84 per 
cent were normal, 6 per cent had insignificant 
and 10 per cent had significant pathological 
changes. Less than one per cent of the total 
had tuberculosis. — Zweck, Organisation, 
Durchfuhrung und vorlaufige Ergebnisse der 
Schirmbilduniersuchung, , H. R. Schinz, 
Schweiz, med. Wchnschr., August 19, 1944, 
74: 879. — (J. Gerstein) 

Morgan Timer. — ^Examination of large pop- 
ulation groups by photofluorography poses 
special problems because of the rapidity at 
which the procedure is conducted, the diffi- 
culty of obtaining retakes, and the need for 
uniformity in technique in order that inter- 
pretations be accurate. A photo-electric 
ing mechanism has been developed to control 
automatically the photofluorographic expos- 
ure. This eliminates the need for measuring 
individuals or adjusting the roentgenological 
equipment. The phototimer consists primar- 
ily of a multiplier phototube and a condenser- 
thyratron-relay system. Since the response 
of the phototube is directly proportional to the 
illumination of the fluorescent screen, ex- 
posure times will be long when the brightness 
of the screen is low in thick-chested individuals, 
and short when the fluorescent screen is bright 
in thin-chested individuals. A daily adjust- 
ment of kilovoltage and milliamperage settings 
to convenient positions is made. Thereafter, 
after placing the subject before the photo- 
fluorographic hood, all that is necessary is to 
close the exposure switch. Because different 
interpreters prefer different levels of radio- 
graphic density, the phototimer is equipped 
with a sensitivity control so that density may 
be regulated . — Automatic Exposure Control 
in Photofluorography, R. H. Morgan, Dis. of 
Chest, March — April, 1945, 11: 150. — {K. R. 
Boucot) 
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Fatal Intrapleural Injection of Liplodol. — 
Following the intrapleural injection of lipiodol 
in a patient with a chronic bronchopleural 
fistula, the patient started coughing violently; 
there was malaise, later on dyspnea and cyano- 
sis. The patient died five days later. It is 
assumed that the cough caused the lipiodol to 
be dispersed in fine drops tlwoughout the 
lungs causing reflex constriction of alveoli and 
changes in the capillary permeability which 
led to acute pulmonary edema and fatal 
asphyxia. — A propos des injections intra- 
pleural^ en cas defistule bronchoplcurale. Une 
complication mortelle, J. Rolland, Rev. de la 
tuherc., 1943, No. 4/6, 8: 91. — {G. Simmons) 

Thorium Oxide for Demonstration of Cavi- 
ties. — A 25 per cent colloidal solution of 
thorium oxide is very fluid and flocculates 
when it comes in contact with tissues. It was 
used for the visualization of tuberculous cavi- 
ties and results obtained were better than 
those given by lipiodol. Ten to 40 cc. were 
injected transthoracically and no untoward 
effects were encountered. The outline of the 
cavity is well visualized; multiloculated cavi- 
ties and intercavitary septa can be recognized 
as such and the draining bronchus can be seen.- 
No general reactions occurred. Thorium 
oxide was also used intrapleurally and for the 
diagnosis of bronchopleural fistulae. For the 
diagnosis of bronchial lesions, however, lipiodol 
is preferred. — Emploi de I’oxyde de thorium 
pour Vopacijication des cavites p^dmonaircs, Ch. 
Gemez-Rieux, Garcenot & Morseau, Rev. de la 
tuherc., 1944, No. 1 /S, 9: 9. — (G. Simmons) 

Fluorescent Microscopy. — ^To determine the 
value of this method as compared udth the 
Ziehl-Neelsen stain many smears were made 
in duplicate of sputum, gastric contents, urine, 
pleural fluids, etc. One set was stained by 
immersion in a staining bath using a modified 
Ziehl-Neelsen technique and the other was 
stained with 0.1 per cent auramine for fluores- 
cent examination. Specimens in the latter 
group were fixed to the slide with egg albumen, 
which in ilself is faintly fluorescent. This 
characteristic, however, aided in focusing and 


thus eliminated the objectional feature of 
having to work with a totally black field when 
only an occasional bacillus was present. The 
fluorescent method gave definitely more posi- 
tives than the Ziehl teclmique, especially with 
pleural fluids, which showed nearly twice as 
many positives by fluorescence as with the 
other method. The overall results, however, 
were closer. Of 2,918 specimens, 50.5 per cent 
were positive microscopically when stained ac- 
cording to Ziehl-Neelsen, whereas 60.6 per 
cent were positive on fluorescent examination. 
Some doubt was expressed as to the specificity 
of some of the fluorescent positives in view of 
the clinical and roentgenological findings. 
Tins inspired studies in which specimens from 
fluorescent-positive Ziehl-N eelsen-negative 

cases were inoculated into guinea pigs to test 
the true specificity of the fluorescent method. 
Over 100 animals were used representing 102 
cases. At the end of eight weeks all animals 
were killed and the liver, spleen, lungs and site 
of inoculation were examined both grossly and 
microscopically. There were 9 tuberculous 
animals, or 8.4 per cent, 6 of wliich were in- 
oculated with material from advanced cases 
and 3 from minimal cases. This is approxi- 
mately the same percentage increase as would 
be obtained by animal inoculation of con- 
centrated material which is negative by the 
conventional Ziehl-Neelsen method. Ad- 
mitting the possibility of there being a certain 
number of false positives even with the Ziehl- 
Neelsen stain, these discrepancies are never 
of the magnitude as foimd in this study. The 
possible explanations of such a finding are: 
“over-diagnosis” of slides stained bj’’ the flu- 
orescent technique, the occurrence of relatively 
avirulent or nonviable tubercle bacilli and the 
presence of saprophj^tic acid-fast bacilli, espe- 
cially in gastric washings. Except for the 
“over-diagnosis” with the fluorescent method, 
these same factors would apparently influence 
the findings with the standard stain. The 
authors, nevertheless, conclude that “over- 
diagnosis” (a term which thej’’ do not exactly 
define) and the relative frequency of sapro- 
phytic acid-fast bacilli in gastric contents are 
the most important factors for the explanation 
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of the lack of correlation between tlic sensi- 
tivity and specificitj' of the method. The 
fluorescent method, as emploj'ed, fails to 
correspond with the clinical, roentgenological 
and pathological status of the tuberculous pa- 
tient too often to warrant its routine use. — 
Dcmonsfralion of Tubercle Bacilli by Fluorcs- 
CC7KC Microscopy, B. J. RiilcrhofJ ct M. G. 
Bowjuan, Am. J. Clin. Path., Technical Sec- 
tion, May, 1045 , 9: S9. — (J. S. Woolley) 

Fluorescent Microscopy. — Fifteen hundred 
and three sputa were axamined. Each spu- 
tum was divided between two slides; one was 
stained with auramine, and e.\'nmincd under 
the fluorescence microscope; the other was 
stained first according to Ziehl-Ncelsen, then 
according to Hallberg. The latter method, 
worked out in 1939, is considered an improve- 
ment over the Ziehl-Neelsen method. In- 
stead of carbol fuchsin, “night-blue” in car- 
bolic acid is used, and then diluted carbol fuch- 
sin or neutral red is applied. In all cases 
where no bacilli according to Ziehl-Neelsen 
were found, cultures were made on Lowen- 
stein medium. Photographs of the same 
fields of certain slides were made which had 
been stained subsequentlj' by all tliree meth- 
ods. Fluorescence microscopj' was found 
superior to both the other methods of staining 
and staining according to Hallberg gives better 
results than Ziehl-Neelsen. The photograpluc 
studies showed that more bacilli are stained 
with auramine than with the other methods. 
The Hallberg method is superior to Ziehl- 
Neelsen because the contrast conditions are 
better. Cultures were found superior to all 
the staining methods. — On Establishvig the 
Presence of Tuberculosis Badlli by Means of 
the Fluorescence Microscope, Anna Andersson, 
Ad. mcd. Sca7idinav., Noverriber SO, 194S, US: 
441 . — (<?. C. Leirier) 

Inhibiting Action of Gastric Juice on Tuber- 
cle Bacilli. — Several investigators have noted 
the presence of some substance in the saliva 
which inhibits or interferes with the growth 
of tubercle bacilli. Since it is almost im- 
possible to prevent the contamination of 


gastric contents with saliva this inhibitory 
substance might act upon tubercle bacilli in 
such gastric contents if, for instance, the spec- 
imen is kept over night or longer, as when 
three-day specimens are poolctl for stud 5 '. 
The presence of some such antibacillaiy sub- 
stance would e.vpl3in the discrepancies between 
culture and guinea pig as reported by one 
obser\-er. Other workers have found that 
axposure to artificial gastric juice per se 
resulted in definite inhibition or attenuation 
of tubercle bacilli as erddenced by' the guinea 
pig results. One might conclude that the 
gastric juice alone has its own injurious effect 
upon tubercle bacilli. Several obsen'crs have 
found that gastric acidity was not usually’ lugh 
enough to be a serious inliibitory' factor. On 
the other hand some writers h.ave stated that 
there are no harmful substances present in 
gastric juice and that tubercle bacilli may be 
safely left in contact witli gastric contents for 
hours or days. Working with natural gastric 
contents the laboratory’ at the Glen Lake 
Sanatorium has been able to show that tuber- 
cle bacilli are inhibited both in their ability' to 
grow on culture and to infect guinea pigs in 
many’ specimens, depending largely’’ on how 
fresh the specimens were. For example, a 
single gastric lavage was receh’ed and dinded 
into three portions. The first portion was 
treated and cultured immediately’. The sec- 
ond portion was placed in the 37°C. incubator 
over night and on the next day treated and 
cultmed. The third portion was placed in 
the icebo.x for two day’s before being inoculated 
into a guinea pig. The results were as follows: 
(I) A heaa’y’ positive culture in about three 
weeks. (S) Never any growth. (S) No de- 
monstrable lesions when the pig ■was autopsied 
at six weeks. Bacilli from 1 readily infected 
another pig, thus proving the ^Trulence and 
identity of tire strain. An investigation of 
more gastric specimens similarly’ treated fre- 
quently' gave like results. The disagieement 
between culture and guine.a pig, where the 
inoculation was delay’ed, was so noticeable 
that a new series of gastric specimens were 
studied in which the entire content of the 
lavage was treated inmiediately upon receipt. 
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A portion of the treated sediment was cultured 
at once and the remainmg sediment placed in 
the icebox as before to await inoculation. In 
tliis series there was a somewhat closer agree- 
ment between guinea pig and culture. Seven 
gastric specimens were more carefully studied. 
Each specimen was divided into six portions. 
The first portion was treated and cultured at 
once, the second portion after twenty-four 
hours in the hicubator and the third portion 
after twenty-four hours in the icebox. The 
remaining portions were each seeded with 
0.01 mg. of tubercle bacilli per cc. and then 
treated as above. In 5 out of these 7 speci- 
mens the tubercle bacilli either present or 
added did not grow from the portion kept in 
the incubator. Various degrees of inhibition 
were shown with the iced portion. It is 
evident that holding an untreated specimen 
at either icebox or incubator temperature is apt 
to convert a positive gastric lavage into a false 
negative one. The inhibitory action varies 
from one specimen to another, but strongly 
active gastric contents may inhibit the growth 
of all the tubercle bacilli therein. Contrari- 
vdse, weakly active gastric contents, or 
inactive gastric contents may only partially 
inhibit growth or may not affect it at all. 
Hence, any long series will contain inactive or 
weakly active specimens which will give a few 
positive cultures regardless of the methods 
used to hold or store such inactive specimens. 
These occasionally positive cultures tend to 
assure the workers that all is well mth their 
technique. The nature of the inhibitive sub- 
stances or combination of substances has not 
yet been determined. The conclusion is that 
it would seem vise to treat all gastric contents 
for culture or animal inoculation as soon as 
they are received for the substances concerned 
in the inlnbition require time. It is also ap- 
parent that higher temperatures speed the re- 
action. Furthermore, no time should be lost 
between treatment and the inoculation of 
media or animals. The practice of accumu- 
lating several specimens over a period of das’-s 
and pooling the same should be discouraged. — 
Inhibitive Effect of Gastric Lavage on Tubercle 
Bacilli: A Preliminary Beport, V. M. Schwart- 


ing, Am. J. Clin. Path., June, 1945, 15: 
234.— (J. S. Woolley) 

Pulmonary Lavage. — The authors have sys- 
tematically replaced gastric lavage by pul- 
monary lavage. Two cc. of a 2 per cent 
pantocain solution and 20 cc. of a normal 
saline are installed supraglottically. After 
introduction of a cough reflex the expectorated 
liquid is examined microscopically and by 
culture. The results of 70 cases are presented. 
All patients had had negative sputa and gas- 
tric contents for at least ten months. SLxty- 
six were negative on pulmonary lavage and 4- 
positive (5 per cent of total). These com- 
prised 2 cases with partial pneumothorax, one 
with an infiltrative lesion treated with rest 
only and one a productive bilateral lesion. 
Pulmonary lavage was well tolerated by all 
patients. No untoward effects, no fever nor 
hemoptysis was encountered. Ninety per 
cent had slight rhonchi and sibilant or crepi- 
tant r41es in the bases which persisted for 
about three hours. The only contraindica- 
tions are a decompensated heart and acute 
attacks of asthma. It is the authors’ im- 
pression that pulmonary lavage should be 
substituted for gastric lavage for its easy 
technique as well as its better results. — In- 
vestigadon del bacilo de Koch en el lavado del 
arbol respiratorio, A. P. Heudtlass, J. A. 
Marti & A. Adamo, Prensa med. argent., July 
IS, 1945 , 32: 1327. — (W. Sudenty) 

Pulmonary Lavage. — The available methods 
to detect tubercle bacilli in sputum and gastric 
specimens are not entirely satisfactory. The 
detection of tubercle bacilli is particularly 
important in the evaluation of pulmonary 
shadows discovered in mass surveys. A new 
method has been worked out, consisting in the 
puncture of the trachea at the level of the cri- 
co-tlijToid membrane, followed by the intro- 
duction of an anesthetic and of physiological 
salt solution. By assuming the Trendelen- 
burg position, the fluid is uniformly distributed 
in the various segments of the lung; finally the 
patient is made to e.xpectorate the injected 
fluid which is collected and e.xamined on con- 
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centrate and culture. The author has not yet 
employed this method on a large scale; the 
preliminary results, however, seem to justifj’ 
further studies. The procedure is simple and 
is well tolerated by the patients . — Lavado 
■puhnonar eti el diagnostico etio-patogenetico o 
evolutivo de la tuberculosis, M. de Abreu, Hoja 
tisiol., March, 194-5, S: S3. — (L. Molnar) 

Acid-fast Saprophytes. — Acid-fast sapro- 
phjdies occur vuthout as well as witliin the 
human body, and they may occur in healthy 
as well as in sick persons. The differential 
diagnosis from true tubercle bacilli is very 
important, especially so since acid-fast sapro- 
phytes are found more commonly than is gen- 
erally believed. In the author’s series of 
1,654 cultures, he found 10 acid-fast sapro- 
phytes which were nonpathogenic for guinea 
pigs, a percentage of 0.6. The percentage is 
similar to a much larger series b}' Lester who 
found 130 nonpathogenic acid-fast bacilli in 
26,343 cultures, or 0.5 per cent. The impor- 
tance of recognizing saprophj’tes for what thej' 
are is quite obvious. Saprophjdes should be 
suspected if cultures are not entirely typical of 
tubercle bacilli, especially if the colonies are 
of tough consistency'', and of variable colors, 
such has yellow-brown, yellow-red or brick- 
red. Also, if acid-fast cocci, or non-acid-fast 
rods and cocci are found in the same culture 
tubes,, saprophytes may be suspected. Clini- 
cally, the results of cultures should be doubted 
if the X-ray picture, although it may be char- 
acteristic of tuberculosis, appears to be at 
variance with the demonstration of tubercle 
bacilli. Especially in cases of bronchiectasis 
wliich are othemdse typical the presence of 
acid-fast bacilli should not be construed to 
mean tuberculosis unless the bacilli are 
pathogenic for guinea pigs. The author has 2 
cases in wliich the diagnosis was saccular 
bronchiectasis. One of these had been treated 
for pulmonary tuberculosis in a sanatorium. 
The author’s 10 cases all had tuberculosis as 
demonstrated bj' X-ray and clinical picture. 
Three cases had active tuberculosis, 5 had 
probably liealed tuberculosis and 2 had 
healed tuberculosis . — Saurcfcsle Saprophijlcn, 


eine wicJitige Fehlerquelle hei der Tuberhdose- 
diagnostik, E. Hedvall, Ada med. Scandmav., 
1945, 121: 71.~{E. Marcus) 

Hematology in Tuberculosis. — To correlate 
the value of hematological studies in tubercu- 
losis ■with controlled axperimental infections, 
the authors have studied four groups of guinea 
pigs under strictly controlled conditions. 
Three groups of animals had been inoculated 
with BCG vaccine. One group was inoculated 
by the multiple puncture method of Eosenthal, 
another by Weill-Halle’s scarification method 
and the tim'd bj' .Wallgren’s intracutaneous 
route. The fourth group remained as controls. 
After a determination of a base-line for all 
hematological values, all animals were infected 
■with virulent human tubercle bacilli by the in- 
traperitoneal route. Biweekly complete blood 
counts were done on all animals until death, or 
until the 103rd to 110th days, when the sund- 
vors were killed. Clinically and at autopsy 
the fact was again substantiated that BCG 
vaccination in guinea pigs is of definite value 
in limiting the infection and prolonging the 
life of the animal. Rosenthal’s multiple punc- 
ture method seemed to be most efficient in this 
respect. The investigation of the white blood 
cells showed that the total white count, the 
differential monocyte count, the lymphocyte- 
monocyte ratio and the leucocyiiic inde.x are of 
definite value as an aid in the prognosis of 
tuberculosis. In every case the hematological 
findings coincided with the clinical and autop- 
tic observations. Briefly, the results may be 
summarized by stating that the higher the 
total white cell count, the higher the monocyte 
count, and the higher the monocyte lympho- 
cyte ratio, the more unfavorable the prognosis. 
The variables are all combined in the leuco- 
cytic inde.\', first proposed by Crawford and 
Medlar in 1935. It equals the toIuc of the 
neutrophil-lymphocyde ratio plus the value of 
the elevation of the monocydes plus the value 
of the abnormal total white cells. The higher 
the inda\' the worse the prognosis. — Hemato- 
logical Studies in Tuberculosis, K. Birkhaug & 
II. ScJijcldcrup, Ada med. Scandinav., 1945, 
121: 1 , — (//. Marcus). 
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Bronchosplromctry Studies in Collapse 
Therapy. — In 13 patients with pulmonnrj’ tu- 
berculosis, functional cxsimination of the lungs 
w.as made before and after institution of pneu- 
mothorax. Tiic second examination was made 
after four to six insuthations to avoid any influ- 
ence on the results of a favorable or unfavor- 
able development of the pulmonary lesions. 
The results so obtained are true expressions of 
the action of the pneumothorax. In each 
e.xaraination xdtal capacity, complcmental air, 
supplemental air, respiratory volume, oxygen 
consumption and the equivalent of ventilation 
were determined. A comparative stud 5 ’'wns 
made of the relative ^•nlue3 of these findings in 
both hemithoraces. An analysis of the obser- 
vations shows Uiat in the collapsed lung the 
bronchospiromctric values diminish con- 
stantly. The reduction of the %'ital capacity 
is more accentuated than that of the respira- 
tory volume. The decrease of the ^•ital ca- 
pacity is mostly due to the reduction of reserve 
air but also to the diminished complcmental 
air. The average of this reduction was 15.2 
per cent for the xdtal capacity; 12.4 per cent 
for the complcmental air; 19.8 per cent for the 
supplemental air; 12.1 per cent for the respira- 
‘ torj’ volume. These reductions are more ac- 
centuated in pneumothorax uith atelectatic 
lung. In certain cases the pulmonary ventila- 
tion diminishes so much that no graphic regis- 
tration of the existence of supplemental and 
complcmental air can be obtained. The oxy- 
gen consumption also shows appreciable reduc- 
tion. It was most marked in partial atelec- 
tatic collapse because the pulmoniiry circula- 
tion is absent in atelectasis. The average for 
all cases was 11.6 per cent. Pinner, Leiner and 
Zavod have shown that collapse therapy influ- 
ences more the oxj'gen consumption than the 
pulmonary ventilation. In the authors’ study 
the reduction of the oxygen consumption was 
scarcely inferior to the reduction of the respir- 
atory volume. The equivalent of ventilation 
improved with the institution of pneumotho- 
rax in 9 cases out of 12. It improved in the 
contralateral lung in 5 cases, w'as stationary 
in one and became less favorable in 5 cases. 
The improvement or retrogression of the 


equivalent of ventilation in the pneumothorax 
lung depends upon the existence of a selective 
or contrasclcctive collapse and the complete 
exclusion of dead space. The authors believe 
that the anatomical and functional conditions 
of the diseased lung require of the hcaltliy lung 
a better respiratory work wnth a low (more 
favorable) equivalent of ventilation. After 
compensatory’ action is no more required and 
function of the diseased lung has been favor- 
ably’ modified, the equivalent of ventilation 
may’ become higher. In collapse therapy, the 
x’icarious function of the contralateral lung is 
e\’idcnt. The respiratory volume was ele- 
vated in the contralateral Iimgin 11 cases and 
kept the same value in the remaining 2. The 
oxygen consumption was also increased in the 
contralateral lung in 11 cases, stayed the same 
in one and diminished in one case . — Estudios 
broncocspirornctricos cn la colapsolerapia, R. F. 
Vaccarezza efc A. SoubrU, An. Cdted. dc pat. y 
din. tubcrc., June, 1944) 9. — (TF. Swienty) 

Pulmonary Elasticity. — Pulmonary elastic- 
ity in living man was studied on 16 patients 
suffering from different diseases. The method 
of Christie and McIntosh was used. The re- 
sults obtained are presented in two tables. 
Table 1 shows the results on 7 patients suffer- 
ing from pulmonary tuberculosis and one pa- 
tient with spontaneous pneumothorax, all 
shou’ing normal figures. Two patients with 
nonrespiratory diseases showed a quotient of 
pulmonary elasticity of 2 and 4 (normal 3.4 to 
7.6). In table 2 the results obtained on pa- 
tients with other pulmonary diseases are given> 
These are in accordance with those obtained 
by Christie and McIntosh, The procedure tO' 
determine pulmonary elasticity is simple and 
may help the clinician and tlie radiologist to 
depict the e-xistence of true emphysema in 
borderline cases. When, in cases of emphy- 
sema, the figures are normal, this means that 
this is entirely functional and not anatomical 
and therefore reversible . — La elastiddad pul- 
monar in dinica, M. R. Castex, E. S. Mazzei & 
G. Caputo, Arg. Inst, brasil. para invesligacao 
da tuberc., 1941~49, S: 17. — (P. B. Franca) 
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“Perfect” Pneumothorax. — perfect arti- 
ficial pneumothorax performs two duties. It 
relaxes tension in the neighborhood of the dis- 
eased lung area allowing the diseased tissue to 
assume the optimum position for healing. It 
also immobilizes the diseased area. To insure 
a perfect pneumothorax, the diseased as well 
as the healthy lobe must be free of adhesions. 
If the healthy lobe is adherent, it cannot as- 
sume the function of the diseased lobe, even 
though the latter might be selectively col- 
lapsed. Observation of the respiratory cycle 
fluoroscopically shows that the selectively col- 
lapsed diseased lobe is immobilized only if the 
healthy lobe is free to expand over and above 
its natural limits and thus assume part of the 
function of the diseased lobe. When the entire 
lung is affected and no selective collapse can be 
expected, improvement in the patient’s condi- 
tion must be attributed to a selective collapse 
of disseminated diseased areas within the lung. 
The scattered lesions can take up the “slack” 
and internal selective relaxation and immo- 
bilization can be achieved to the degree that 
the diminished lung volume affords. Con- 
versely, adhesions of the diseased areas, a 
“contraseleotive” collapse, may give the im- 
pression that the patient is not benefited by 
the pneumothorax. This is not entirely true, 


however, because the diseased lung is immo- 
bilized if the healthy lung is free of adhesions 
and able to take over the function of the sick 
lung. Relaxation is, of course, impossible 
under these circumstances. If the contra- 
lateral lung is free from disease, a mobile 
mediastinum is to be regarded as an asset 
because the healthy lung can then take on 
some of the function of the collapsed lung. 
By the same reasoning patients derive more 
benefit from pneumothorax therapy by Ijdng 
on the healthy rather than on the pneumo- 
thorax side . — The “Perfect AP", G. Day, Lan- 
cet, September S, 1945, 249: SOO. — (R". Marcus) 

Relnduced Pneumothorax. — ^The reinstitu- 
tion of a pneumothorax prematurely aban- 
doned was attempted in 10 cases. In 7 of 
them the pneumothorax could be reestab- 
lished despite the fact that it had been aban- 
doned for periods varying from three to nine 
months. It appears that pleural adhesions 
following abandonment of a pneumothorax 
occur less frequently than is commonly as- 
sumed . — Lc potentUl de redScoUement des 
pUvres aprh cessation des insufflations de pneri- 
mothorax pendant plusieurs mois, J. Chahaud, 
Rev. de la luherc., 1941, No. 5/6, 6: S66 . — 
{G. Siminons) 
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